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A B S T R A C T
The G ar f ie ld  m in ing  d i s t r i c t  is lo cated  in M in e r a l  County, Nevada, 
12 m i l e s  northwest  of  the town of  Mina. P rod u c t ion  o f  s i l v e r ,  gold,  c o p ­
per  and lead between the 1880 's  and 1940's  y ie lded  about $1, 500, 000.
The bulk o f  the d i s t r i c t  c o n s i s t s  o f  r o ck s  o f  the Luning, Gold  Range, 
and Dunlap F o r m a t io n s  in a s e r i e s  o f  n o r th e as te r ly  trending fo lds .  The 
fo lds  are cut by high angle  faults and intruded by C re taceous  igneous 
rock s .  The r e m a in d e r  o f  the d i s t r i c t  is ch ie f ly  T e r t ia r y  v o l c a n ic s  in 
the north and weal and Q uartern ary  a l luv ium  in the south.
M inera l izat ion  in the d i s t r i c t  is of  two types :  e p i th e rm a l  s i l v e r -  
gold and igneous m e t a m o rp h ic  d epos i ts  of  c o p p e r .  High grade s i l v e r -  
gold in the Luning and Gold Range F o rm a t io n s  and a s m a l l  amount of  
cop per  in the Dunlap F o r m a t io n  have been  mined.
The G ar f ie ld  d i s t r i c t  is  b e l i e v e d  to have l im ited  e c o n o m ic  potential.  
However,  three favo rab le  lo ca t ions  f o r  p ro sp e c t in g  a re  suggested .
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i i \  l K U D U  C  T I O N
The G ar f ie ld  m in ing  d i s t r i c t  is located  in the Garf ie ld  Hills,
M in e ra l  County, Nevada (Fig.  1), approx im ate ly  12 m i le s  (19 k i lom eters )  
northwest  of  the town o f  Mina. It appears  on the U. S. G. S. 1967 Mable 
Mountain 7 1 /2 -m in u t e  topographic  quadrangle map in T7N, R33E.  The 
sect ion  lines  a re  not shown on the map, but the d istr ic t  appears  to lie 
within sect ions  8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 20, 21, 22. 23,
24, 25, 26, 27, and 28. The B ureau  of  Land Management 1967 Mina, 
Nevada 30 -m inute  quadrangle  m ap  shows the G arf ie ld  mining d istr ic t  in 
the above m ent ioned  township, range and sect ions .  Both maps  have the 
posit ions  of  the Bluel ight  and Bataan m in e s  r e v e r s e d  and the Mabel  
mine  labe led  Mable  m ine ,  but these m ines  a re  shown c o r r e c t l y  on Plate  1. 
In recent  usage the G ar f ie ld  d i s t r i c t  has been  com bined  with s e v e r a l  other 
d is t r i c t s  and they now c o m p r i s e  the Gold Range d istr ict .
The topography v a r ie s  f r o m  steep, rugged s lopes  on the north, 
fac ing  Soda Spring Valley,  to m o r e  gentle s lopes  on the south, facing 
G arf ie ld  Flat.  M ines  and mining p r o p e r t ie s  in the northern part of  the 
d is tr ic t  lie at an e leva t ion  o f  about 6, 600 feet  (1, 980 m e te rs ) ,  while in 
the south they lie between 7, 100 feet  (2, 130 m e t e r s )  and 7, 400 feet 
(2, 220 m e t e r s ) .  The highest  point in the area ,  Mable  Mountain, has an 
e levat ion  of 8 ,0 1 4  feet  ( 2 ,4 0 4  m e t e r s ) .
The a rea  m a y  be re ach e d  f r o m  the north by an unimproved road 
leading south f r o m  Nevada State Highway 95, approx im ate ly  5 m i les

(8 k i l o m e t e r s )  w est  of  the town of Luning. It m ay  be reached  f ro m  the 
south by four  un im proved  roads  heading north f r o m  an im proved  road 
com in g  f r o m  Mina. S evera l  j e e p  trai ls  a lso  extend into the a rea  f rom  
both the north and south.
This port ion  of  M inera l  County is ar id  and has a wide annual t e m ­
perature range.  Light winds and 100° F  (37. 8°C)  plus tem p era tu res  
are  typical  of  s u m m e r  days ,  while s u b - f r e e z in g  windy days are  c o m m o n  
during the winter .  Much o f  the prec ip i tat ion  averaging  8 to 16 inches 
(20 to 40 ce n t im e te r s )  (Houghton, Sakamoto and Gif ford,  1975, p. 40, 
Fig. 40) fal ls  as snow during the winter.  O cc a s io n a l  heavy sum m er  
thunderstorms resu lt  in f lash  f loods ,  c h a r a c te r i s t i c  of  ar id  regions .  
Prec ip i tat ion  on the higher  east  fac ing s lopes  of  Mable  Mountain is 
suffic ient to support sm a l l  growths o f  juniper  and pinon. E lsew here  
the t rees  give way to d eser t  plants,  p r im a r i ly  sagebrush.
The strat igraphy and structure  of  the G ar f ie ld  Hills w e re  f irst  
d e sc r ib e d  in detail  by F e r g u so n  and M ul ler  (1949).  This publication 
was fo l lowed by a m a p  of  the Mina quadrangle by Ferguson,  Muller  and 
Cathcart (1954). R o s s  (1961) p re p a re d  a rep ort  on M ineral  County, in 
which he b r ie f ly  d e s c r i b e d  the G ar f ie ld  mining d istr ict .  N ie lson  (1964)
studied the s trat igraphy and s tructure  in the Pi lot  Mountains and vicinity 
as w e l l  as redefining the E x c e l s i o r  form ation ,  or ig ina l ly  named and 
d e sc r ib e d  by M ul le r  and F erg u son  (1936). In a m o r e  recent  publication, 
Stanley (1971) d e s c r i b e s  the tec ton ic  and sed im ento log ic  h is tory  of  the 
Dunlap Form at ion .  A s  is the case  with many small ,  o ld er  mining camps
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in Nevada, in formation  about the e c o n o m ic  geo logy  of the d istr ic t  is 
quite sketchy.
The pr in c ipa l  o b je c t  of  this study was to determine what s trat i ­
graphic  and s truc tura l  fea tures ,  i f  any, contro l led  the lo ca l iza t ion  of 
m in e r a l  depos i ts  and to es t im ate  the potential f o r  ore of  the Garf ie ld  
d is t r i c t .  W ork  by F e rg u so n  and M ul ler  (1949), Nielson (1964) and 
Stanley (1971) p rov id ed  a start ing point in relation to the structure and 
strat igraphy;  h o w e ve r  v e r y  little published in formation  exists  on the 
m in e ra l  deposits  of  the d is t r i c t .
The G ar f ie ld  mining d is t r i c t  was mapped  on ae r ia l  photographs 
at a sca le  of  1:12, 000 during the s u m m e r  o f  1975. In genera l  mapping 
was  terminated a short  d istance  beyond the P r e - T e r t i a r y - T e r t i a r y  
contact.  Further ,  there was no attempt by the author to differentiate 
or  map the p o s t - J u r a s s i c  units except  in a c u r s o r y  way,  Subsurface  
geo logy  at the M endora  and G ar f ie ld  m ines  and sur face  geology at the 
Bataan and Bluel ight m in es  w e re  mapped  at a sca le  of  1:1, 200 with 
Brunton and tape, during the s u m m e r  of 1975. The area  was revis ited  
in the fal l  of  1975 and spr ing  of  1976 to c o n f i r m  geo log ic  interpretations .  
With except ion  of pe trograph ic  d e sc r ip t io n s ,  which traditional ly use the 
m e t r i c  system ,  in this rep ort  m e a s u r e m e n ts  wil l  be given in both the 
Engl ish  and m e t r i c  sy s te m s .
L a b o ra to ry  invest igations  of  som e  300 r o c k  spec im ens  co l lec ted  
in the f ie ld  involved the use of  a p etrograph ic  m ic r o s c o p e ,  X - r a y
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dif fract ion ,  a tom ic  absorp t ion  and f i re  a s sa y  methods.
Upon c o m p le t io n  o f  f ie ld  and la bo ra to ry  w o rk  the geo log ic  c h a r a c ­
t e r i s t i c s  of  the m i n e r a l  d epos i ts  in the d is tr ic t  w e re  determ ined  through 
a synthesis  of  both f ie ld  and la b o r a to r y  data. Based  on the synthesized  
data, e s t im ates  of  o re  potential  and poss ib le  explorat ions  s ites  w e re  
suggested .
Gold and s i l v e r  w e re  f i r s t  d i s c o v e r e d  in the d istr ic t  by Joshua 
Mass  and A m o s  E v e r s o n  in 1882. N ear ly  o n e - th ird  of the r e c o r d e d  
product ion of  gold,  s i lver ,  was during the 1880 's ,  apparently  f r o m  the 
Garf ie ld  mine .  In 1890 an Engl ish  company,  Hampton Pla in  E x p lo r a ­
tion Company, (Vanderburg ,  1937, p. 34) purchased  the G arf ie ld  mine 
and built a 10 stamp m i l l  at G ar f ie ld  Springs,  9 m i le s  (14 .4  k i lom eters )  
south of the m ine .  During the 1930 's  l e s s e e s  ran the m ate r ia l  of  the 
mine dumps through s c r e e n s  (Vanderburg,  1937, p. 34) and the fines 
are  reported  to have av era ged  $8. 00 per  ton in s i lver  and gold.
During the e a r ly  1900 's  the Bluelight Mining Company deve loped  a 
600 foot (180 m e t e r s )  shaft and shipped s e v e r a l  c a r  loads  of  r ich  copper  
ore .
Around 1920 Jones and Fitting made s ix  locat ions  c o v e r in g  all 
known w e s te r ly  extens ions  of  the G ar f ie ld  veins (Budelman, 1934), 
naming the mine ,  M abe l  mine .  In 1921 the West  End Consol idated  
Mining Company a cqu ire d  the M abe l  mine ,  which was a consistent  p r o ­
ducer  of  s i lve r  and gold during the 1920 's .  The Mabel  mine is reported
(Vanderburg,  1937, p. 35) to have yie lded  4, 310 tons o f  ore  having a 
g r o s s  value of  $421, 627, and averag ing  $97. 83 per  ton.
R e c o r d s  of  the A m e r i c a n  Smelting and Refining Company,  Garfield  
Plant, Salt Lake City,  Utah show that approx im ate ly  200 tons of  gold-  
s i lve r  ore  w e r e  shipped f r o m  the M endora  mine between August  1938 
and A p r i l  1939, with a g r o s s  value o f  about $3, 500.
The total p roduct ion  f r o m  the d is t r i c t  is thought to have been 
worth about 1. 5 m i l l i o n  d o l la r s ;  h ow ever ,  the r e c o r d s  are  incomplete  
and open to question.  Litt le  product ion  has taken p lace  in the d is tr ic t  
s ince the 1940's with the except ion  o f  a few c a r  loads  of  s i l v e r - g o l d  





The r o ck s  of  the reg ion  range in age f r o m  Cambrian  to Q uater ­
nary, but c on s is t  p r im a r i ly  of  M e s o z o i c  sedim entary  and vo l ca n ic  rocks  
and T er t ia r y  vo l ca n ic  r o c k s .  N um erous  C retaceous  plutons have in­
truded the o ld e r  r o c k s  throughout  the region.
P a le o z o i c  r o c k s  in M in e ra l  County, with the exception  of  the E x c e l s ­
ior  F orm at ion  d i s c u s s e d  later ,  a re  l im ited  to an a re a  along the boundary 
between M inera l  and E sm e ra ld a  Counties about 20 m i le s  (32 k i lom eters )  
south of Mina. These  ro c k s ,  which  c o m p r i s e  the M i l le r  Mountain, P a l ­
metto ,  and Diablo F orm at ions ,  c on s is t  of  m ar ine  sediments  and have a 
combined thickness  of  about 7400 feet (2200 m e t e r s )  (Ferguson,  Muller  
and Cathcart,  1954). They do not appear  in the G ar f ie ld  d is tr ic t  and w i l l  
not be c on s idered  here .
A c c o r d in g  to R o s s  (1961, p. 20) the age and c o r r e la t i o n  o f  the 
E x c e l s i o r ,  youngest  o f  the P a l e o z o i c  f o rm at ion s  in the region,, has been 
a p rob lem  e v e r  s ince  it was f i r s t  defined.  M ul ler  and F e rg u so n  (1936, 
p. 244) named the E x c e l s i o r  F o r m a t io n  f o r  the E x c e l s i o r  Mountains about 
6 m i le s  (10 k i l o m e t e r s )  southwest  of  Mina. Based  on f o s s i l s  found in the 
Gill is  Range, about 40 m i l e s  (64 k i l o m e te r s )  northwest  o f  Mina, they 
dated the f o rm at ion  as Middle  T r i a s s i c .  H ow ever  F erguson  and M uller  





















D U N L A P  FO RM ATIO N
co n g lo m e r a te ,  fang lom erate  
sandstone,  s i l ts tone,  shale 
l im e sto n e ,  andesite  f lows 
and b r e c c i a
u n c o n fo r m ity -  l o ca l ly  c o n fo rm a b le  -
SUNRISE FORMATION
shale,  l im estone  
sandstone
--------------------- t r a n s i t io n ------------------------
GABBS FO RM A TIO N  
shale,  l im estone
---- co n fo rm a b le  con tac t -------------
LUNING FORM ATION
lim e sto n e ,  do lom ite  
shaly l im estone ,  shale 
c o n g lo m e r a te ,  arg i l l i te
------------ u n c o n fo r m ity ------------------
EXCELSIO R FORM ATION
chert ,  tuff, greenstone  f lows 
and b r e c c i a ,  f e ls i te  f lows and 
b r e c c i a
F igure  2. L o w e r  M e s o z o i c  r o cks  of  southeastern 
M in e r a l  County, Nevada (after M ul ler  and Ferguson ,
1939).
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about 80 m i l e s  (128 k i l o m e te r s )  northeast of  Mina, have been dated as 
Perm ian ,  indicating an age d i s c r e p a n c y  that they imply could cause 
p rob lem s  in ass ignm ent  of  r o cks  to the formation.  This p r o b le m  did 
deve lop  in later  years  with s im i la r -a p p e a r in g  rocks  of  d i fferent  areas  
being c o r r e la te d  with the or ig ina l  E x c e l s i o r ,  R oss  (1961),  Si lbering 
and Roberts  (1962),  N ie lson  (1964) and Talukdar (1972) d i s c u s s  the 
various  p r o b le m s  with the E x c e l s i o r  and they wil l  not be repeated here,
Nie lson (1964, p. 16) redef ined  the E x c e l s i o r  Formation (Fig,  2) 
and divided it into the E x c e l s i o r  and Gold Range Formations .  In this 
report  N ie lson 's  usage of  the E x c e l s i o r  and Gold Range Form ations  
w i l l  be applied. N ie lso n 's  P e r m ia n  (? ) E x c e l s i o r  is about 3500 feet 
(1050 m e te rs )  thick and co n s is ts  of  chert  and argi l l i te  of vo lcan ic  origin 
and andesite tuff with m inor  do lom ite  and tuff b re c c ia .  In the Garfield  
d istr ic t  there is no exposure  of the E x c e l s i o r  as defined by Nielson.
The upper T r i a s s i c  to L o w e r  Jurass ic  Gold Range Form ation  was 
named by Nie lson  (1964, p. 38) f o r  the Gold Range mining d istr ic t  l o ca t ­
ed about 10 m i l e s  (16 k i l o m e te rs )  southwest of  Mina. Rocks  included in 
the Gold Range F orm at ion  by Nie lson  (1964) are  vo lcan ic  f lows,  b recc ias ,  
and p y ro c la s t i c  r o cks  intercalated  with v o l c a n i c -d e r iv e d  sedimentary
rocks  that p r e v io u s ly  w ere  included in the E x c e l s i o r ,  Luning and Dunlap 
F orm at ions .  The fo rm at ion  in the Gold Range d istr ic t  is between 13, 000 
feet (3, 900 m e t e r s )  and 15, 000 feet (4,500 m e t e r s )  thick and unconformably  
o v e r l i e s  the E x c e l s i o r  F orm at ion .  Nielson (1964, p. 38) suggests  that
the c las t ic  portion  of  the Gold Range c o r r e la te s  with the c lastic  middle 
m e m b e r  of the Liming Form ation .
The Gold Range is p resent  in the Garf ie ld  district,  f o rm in g  the 
oldest, lowest  r o c k  unit of  the d istr ic t .  The Luning F orm at ion  rocks  
that c o n fo rm ab ly  o ve r l i e  it in the d istr ic t  are s im i lar  to the upper m e m ­
b e r  of  the Luning seen  e l s e w h e r e  in the region  supporting N ie l s o n 's  
idea that the c la s t i c  portion  o f  the Gold Range corre la tes  with the c last ic  
middle  m e m b e r  of the Luning.
The Upper T r i a s s i c  Luning Form at ion ,  named by Muller  and 
Ferguson  (1936, p. 245) fo r  the sett lement of  Luning, cons is ts  of  l im e ­
stone, do lomite  and c las t i c  sedim ents .  It is 8000 feet (2400 m e te rs )  
thick in the P i lot  Range, about 5 m i le s  (8 k i lom eters )  east o f  Mina, and 
there unconformably  o v e r l i e s  the E x c e l s i o r  (M ul ler 's  and Ferg u son 's  
E x c e l s i o r ) .  In the G arf ie ld  Hills M uller  and Ferguson  (1939, p. 1595) 
mention that two slate m e m b e r s  are  separated  by a l im estone ,  and have 
a com bined  thickness  of  4000 feet  to 5000 feet  (1200 m e t e rs  to 1500 m e te rs ) .
The Upper T r i a s s i c  Gabbs Form ation ,  (Muller  and Ferguson,  1936, 
p. 248) d er ives  its name f r o m  the Gabbs Va l ley  Range. In the New York 
canyon area,  about 7 m i les  (11 k i l o m e te r s )  northeast of  Mina, it is 420
feet (126 m e t e r s )  thick and cons is ts  of  dark shale and l im estone .  There 
the form at ion  c o n fo rm a b ly  o v e r l i e s  the Luning Form at ion  and is c on ­
fo rm ab ly  over la in  by the Sunrise Form ation .
The L o w e r  J u r a s s i c  Sunrise Form ation ,  (Muller and Ferguson,
1936, p. 249) d e r iv e s  its name f r o m  Sunrise Flat in the Gabbs Valley
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Range, about 10 m i l e s  (16 k i l o m e te r s )  northeast  of  Mina. The f o r m a ­
tion is about 1200 feet (360 m e t e r s )  thick and cons ists  of  shales ,  l im e ­
stones,  and sandstones .  It is over la in  unconformably  by the Dunlap 
Formation .
The L o w e r  J u r a s s i c  Dunlap Form ation  was named by M uller  and 
F erguson  (1936, p. 250) and d e r ive s  its name f ro m  Dunlap Canyon in 
the Pilot  Mountains ,  5 m i l e s  (8 k i l o m e te rs )  east of  Mina. There the 
form at ion  e x c e e d s  5000 feet  (1500 m e t e r s )  and cons ists  of  l imestone,  
c last ic  sediments  and vo lcan ic  r o ck s  and is over la in  unconformably by 
T er t ia ry  rocks .
C retaceous  granitic r o ck s ,  which are  ch ie f ly  quartz monzonites  
but range f r o m  granodorite  to albite granite (Ross ,  1961, p. 29), have 
intruded the o lder  rocks  in the region.  The s im i la r i ty  of  these rocks  
and those of  the S ierra  Nevada suggest  that they are part of  the same 
batholithic c o m p le x  (Ross ,  1961, p. 30).
T er t ia ry  units within the reg ion  are  f e l s i c ,  intermediate  and 
basalt ic  vo lcan ic  rocks..  The f e l s i c  r o cks  (Ross ,  1961, p, 36) consist  
of  rhyolite and quartz  latite welded  tuff. Intermediate vo lcan ic  rocks  
(Ross ,  1961, p. 36) cons is t  of  f lows ,  tuffs and b r e c c ia s  ranging in c o m ­
posit ion f r o m  rhyodacite  to andesite ,  and unconformably  over l ie  the 
f e ls i c  vo lcan ic  r o c k s .  An extensive  basalt ic  f low c o v e r s  a large area 
of the centra l  and southern part of  M inera l  County. The volcanic  rocks  
range in age f r o m  M iocene  to P l io ce n e ,  with the fe ls i c  being the oldest
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and the basalt  the youngest .
Quaternary depos i ts  c o n s is t  of  o lder  grave ls ,  lake beds,  desert  
wash and al luvium (Ferguson ,  M ul ler  and Cathcart,  1954). The gravels 
which are  present  in all  ranges  are  m ost  abundant at e levations  between 
5000 feet (1500 m e t e r s )  and 6500 feet (1950 m e te rs )  (Ross ,  1961, p. 51) 
and are  c o n s id e r e d  to indicate an e a r l i e r  stage of development of  the 
r a n g e s .
STRUCTURE
The structure  of  the reg ion  is quite com plex ,  indicating tectonic  
act ivity f r o m  at least  the Devonian to the present .  The region exhibits 
intense folding, thrust faulting, basin and range faulting and large d i s ­
p lacement  str ike sl ip  faulting.
Work  by F erguson  and M uller  (1949) indicates three per iods  of  
folding: the f irst ,  P r e - P e r m i a n ,  p r io r  to the deposit ion of their E x c e l ­
s ior  Form ation ;  the second,  P r e - U p p e r  T r ia s s i c ,  p r io r  to the d e p o s i ­
tion of  the Luning Form at ion ;  and the third, ear ly  Jurass ic ,  beginning 
with the deposit ion  of  the Dunlap Form at ion .
Evidence  fo r  a P r e - P e r m i a n  per iod  of  folding is found in the area 
of  the Candelar ia Hill 20 m i le s  (32 k i lom eters )  south of Mina, Folded 
rocks  (Ferguson  and M uller ,  1949, p. 8) of  the Ordov ic ian  Palmetto 
Form at ion  which trend northeast  and are  overturned to the northwest, 
are over la in  by rocks  of  the P e r m ia n  Diablo Form ation  which strike
west  and dip north.
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Although F e r g u so n  and M ul ler  (1949, p. 8) p ropose  the second 
per iod  of fo lding as being P r e - U p p e r  T r ia s s i c ,  they go on to say that if 
the E x c e l s i o r  is found to be P e r m ia n ,  this folding could be dated as P r e -  
Middle T r i a s s i c .  Much of M u l le r ' s  and Ferg u son 's  E x c e l s i o r  Formation 
has been found to be P e r m ia n  by Nie lson  (1964) and Talukar (1972).  This 
changes the second  p e r io d  of fo lding to P re -M id d le  T r ia s s i c .  This period 
of  folding (F erguson  and Muller ,  1949, p. 8) is indicated by the m arked  
angular unconform ity  between the E x c e l s i o r  Form ation  and the o ve r -  
lying Luning F orm at ion .
F erguson  and M ul ler  (1949) and Stanley (19 /1)  point out that the 
deposit ion o f  the Dunlap F o rm a t io n  signals the beginning of the ear ly  
Jurass ic  orogeny ,  the third p er iod  of  folding. The terr igenous  c lastic  
sediments contained in the Dunlap, a c co rd in g  to Ferguson and Muller 
(1949), Nie lson (1964) and Stanley (1971), w ere  der ived  f ro m  loca l  up­
lifts.  Ferguson  and Muller  f e e l  that backfo ld ing and lo ca l  thrusts were 
the result of  in c reased  intensity of  folding and uplift of  previous ly  folded 
rock s .  Large  sca le  thrusts o c c u r r e d  as the de form ation  continued.
Two types of  la rge  high angle faults are  recogn ized  in Mineral  
County; one is right latera l  str ike slip,  and the other, range front 
norm al  faults.  Based  on ev idence  co l l e c te d  during the study of the 
Cedar Mountain earthquake of 1932, Gianella and Callaghan (1934) d i s ­
c o v e r e d  som e important facts  concern ing  the structure of  the Western
Great Basin.  They found the earthquake had caused movement in a rift 
z o n e  c o m p r i s e d  of  a num ber  of  r i f ts .  This zone is an elongate area
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between the P a ra d ise  R a n g e -C e d a r  Mountains on the east and the Gabbs 
Valley  R a n g e -P i lo t  Mountains on the west .  Displacement in the rift 
zone was right latera l  str ike sl ip.  They also  recogn ized  a belt of  valleys 
that m arked  a change f r o m  dominantly northwesterly  to dominantly north 
or  northeaster ly  trending mountain ranges,  which genera l ly  para l le l  the 
N evada -C a l i forn ia  b o r d e r .  In 1935 Bil l ingsley  ^Locke, et al .  , 1940) 
named this belt Walker  Lane.
The posit ions  of  d i fferent form at ions  and structures on both 
sides  of  Soda Spring Val ley ,  5 m i le s  (8 k i lom eters )  east of the Garfield 
mining d istr ic t ,  indicate a r igh t - la tera l  d isp lacem ent  of  about 12 miles  
(19 k i lom eters )  which Nie lson  (1965, p. 1301) a s so c ia te s  with right- 
lateral  strike slip faulting in the Walker Lane.
The Walker Lane, a c c o r d in g  to A lb e rs  (1967), l ies  along the 
eastern m arg in  of a belt 50 m i le s  (80 k i lom eters )  wide and 300 m iles  
(480 k i lo m e te rs )  long, in which the mountain ranges have an arcuate 
fo rm .  He suggests  that the arcuate  f o rm  is the result  of  tectonic 
bending. Within this belt are  five m a jo r  northwest-trending faults 
having r igh t - la tera l  d isp lacem ent  of  s e ve ra l  m i l e s .  The bending and 
large  sca le  str ike sl ip  faulting (A lbers  1967) are the result of  deep-  
seated right la tera l  shear  sys tem  oriented northwest-southeast .  He 
est im ates  total d isp lacem ent  along the belt at about 80 to 120 miles  
(120 to 190 k i l o m e te r s )  with the Basin and Range Prov ince  moving 
southward relative  to the S ie rra  Nevada.
Basin and Range front  faulting began (Silberman, 1976) about 
17 m i l l ion  ye a rs  ago .  I h i s  type of faulting is stil l  continuing as shown 
by a fault s c a r p  a s s o c ia t e d  with the 1954 earthquake in northern Mineral 
County (Ross ,  1961, p. 54).
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L O C A L  GEOLOGY
STRATIGRAPH Y
The r o ck s  e xp o se d  in the d is tr ic t  range in age f r o m  T r i a s s i c  to 
Quaternary,  but a re  dominantly  T r i a s s i c  and Jurass ic .  T e r t ia ry  and 
Quaternary r o ck s  surround the d is t r i c t  to the north, south and west ,  
over ly ing the r o ck s  that are  m inera l iza t ion  hosts .  They provide the 
limits  of mapping.  The m a jo r  em phas is  in this study was on the o lder  
form ations  and in par t icu lar  the rocks  F e rg u so n  and M uller  mapped as 
E x c e l s i o r  F orm at ion  and the c la s t i c  m e m b e r  of  the Luning Formation,  
because  they contain the m inera l izat ion .
During the c o u r se  of  this study, r o cks  prev ious ly  mapped by F e r ­
guson and M ul ler  (1949) as E x c e l s i o r  and Luning Form ations  w ere  found 
to be quite s im i la r  to those mapped by Nie lson (1964) in the eastern  G a r ­
field Hills as Gold Range F orm a t ion  (Fig.  3). Thin sect ions  of  the rocks  
in F e rg u so n 's  and M u l l e r ' s  c la s t i c  m e m b e r  of the Luning Form ation  were  
found to contain vary ing  amounts of vo lcan ic  m ate r ia l  and these rocks  
appear to c o n fo rm a b ly  o v e r ly  the rocks  they mapped as E x c e ls io r .  It 
was conc luded  that r o ck s  p re v io u s ly  mapped as E x c e l s i o r  and the clastic  
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T r i a s s i c  System
Gold Range Form at ion
The Gold Range F o rm at io n  is the oldest unit exposed  in the d i s ­
tr ic t ,  cons ist ing  of  about 3000 feet (900 m e te rs )  of  argi l l i te ,  l imestone ,  
vo lcan ic  f lows ,  tuffs and b r e c c i a s  and c o a r s e -g r a in e d  c last ic  sediments.  
The upper age l imit  is Late T r i a s s i c ,  s ince  the formation is over la in  by 
the Late T r i a s s i c  Luning l im e sto n e .  The low er  age limit is unknown, 
but probably  T r i a s s i c .  S evera l  sect ions  w e re  m easu red  in an attempt 
to achieve a co lum nar  sect ion  as com plete  as poss ib le  (Fig.  4), however ,  
som e  doubt sti l l  rem ains  because  of  the l imited  outcrops .  The unit has 
been divided into five subunits to fac il itate  descr ip t ion  and reduce c o n ­
fusion, with subunit 1 being the oldest  and subunit 5 being the youngest.
Subunit 1
The oldest  portion  of  the form at ion  exposed  in the area cons ists  of  
chert pebble and granule co n g lo m e ra te ,  ca l c a r e o u s  sandstone, and a r ­
gillite,  with a com bined  thickness  of  1300 feet (390 m e te rs ) .  This part 
of  the form at ion  is exposed  in the upper plate of  a thrust fault about 1 
mile  (1 .6  k i l o m e t e r s )  southwest of  Mable  Mountain.
The chert  pebble  and granule cong lom erate  beds are  2 feet (0.  6 
m e t e r s )  to 10 feet (3 m e t e r s )  thick. They are  com posed  of both light 
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Figure  4.  Columnar sect ion of the 
Gold Range Form ation .
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subrounded and p o o r ly  sorted .  Some of the light c o lo re d  chert Ls white 
and exhibits a wavy pattern, while the dark chert  is b lack  to gray in 
c o l o r .  The m a tr ix  is c o m p o s e d  of gray silt s ize  m ater ia l .  Thin bedded,
4 inches (10 c e n t im e te r s )  to 1 foot (0 .3  m eters ) ,  ca lcareous  sandstone 
is light gray to ye l low  and co n s is ts  of  rounded to well  rounded chert 
grains.  The chert  grains range f ro m  m edium  sand size to c o a r se  sand 
s ize.
Much of the lo w e r  port ion  co n s is ts  of  thin to very  thick bedded,
1 foot (0 .3  m e t e r s )  to 10 feet  (3 m e t e r s ) ,  argi l l i te  and pebbly argi ll ite.
The argil l i te ls g ia y ,  green  and ye l low  on f resh  su r faces ,  but iron 
stained on weathered  s u r fa c e s .  These  a rg i l l i tes  contain varying amounts 
of  chert pebbles  and c o a r s e  sand s ize  chert  grains.
Subunit 2
The next youngest rocks  of  the Gold Range Formation  are a group 
of vo lcan ic  r o ck s  about 750 feet (225 m e t e r s )  thick consist ing of andes­
ite f lows,  tuffs and b r e c c i a s  and rhyol ite tuffs.  The bedding of these 
rocks  is not w e l l  defined,  but where  r ecogn ized ,  the beds are about 
5 feet (1 .5  m e t e r s )  thick.
The andes ite  f lows are  green  on f re s h  surfaces  and light greenish-  
brown on weathered  s u r fa c e s .  In hand spec im en  these rocks  have a por 
phyritic texture with p henocrys ts  of  tabular p lagioc lase ,  up to 4 m i l l im e te rs  
and tabular phenocrys ts  of  pyroxene up to 2 m i l l im e te rs  set in a dark
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green  groun dm ass .  In thin sect ion  the p r im a ry  m inera ls  are plagioclase 
and pyroxene in a fe lted groundm ass  of p lag ioc lase  with secondary m in ­
era ls  albite,  ch lo r i te ,  epidote and ca lc i te .
The tuffaceous port ion  o f  the andesite tuff b r e c c ia s  are  greenish-  
brown on weathered  s u r fa c e s ,  but the fragments  of  andesite are  light 
green.  The c lasts  range f r o m  about 10 m i l l im e te rs  up to 3 m eters ,  
but genera l ly  are  about 1 ce n t im e te r  to 6 cent im eters .  In thin sect ion 
the m in e ra lo gy  of the b r e c c i a s  is found to be s im i la r  to that of the 
andesite f low s .
The rhyol i t ic  tuffs are  not w e l l  exposed ,  but are  light gray with 
small  dark streaks  on the weathered  su r fa ces  and medium gray with 
black streaks on f re s h  s u r fa c e s .  The rocks  are  ex t re m e ly  hard and 
much of the or ig ina l  texture has been destroyed  by recrysta l l izat ion ,  
but the dark streaks  are  apparently co l lapsed  lapill i .
Subunit 3
Over ly ing  the vo lcan ic  r o c k s  just  d e s c r ib e d  are  rocks  consisting 
of tuf faceous c h e r t -p e b b le  co n g lo m e ra te  and re c ry s ta l l i z e d  limestone,  
siltstone and a ir  fa l l  tuff, with a com bined  thickness of  about 300 feet 
(90 m e te rs ) .
The chert  pebble co n g lo m e ra te  is b lack  on f resh  and weathered 
su r faces .  The beds are  about 5 feet (1 .5  m e te rs )  thick, c om posed  of 
dark gray and black  chert  set in a b lack  tuf faceous matrix .
22
The r e c r y s t a l l i z e d  l im estone  is light brown in c o lo r  on f resh  and 
weathered s u r fa c e s  and the beds are  f r o m  2 feet to 5 feet (0. 6 meters  
to 1 .5  m e t e r s )  thick.
The s i lts tone is r e c r y s t a l l i z e d  to a horn fe ls - l ike  rock,  dark gray, 
white and b lack  in c o l o r .  These  rocks  are extrem ely  hard and have 
beds which are  f r o m  4 feet  to 10 feet  (1 .2  m eters  to 3 m e te rs )  thick.
The a ir  fa l l  tuff is m e d iu m  gray  on f r e s h  surfaces  and light gray 
on weathered s u r fa c e s .  The beds are  about 4 feet (1.2 m eters )  thick 
and contain co n c e n tr i c  ring structures  about 5 m i l l im e te r s  in diameter.  
These con cen tr i c  ring structures  appear to be a c c r e t io n a r y  lapill i which 
Nielson  (1964, p. 5.1) a lso  reported  in rhyol i t ic  rocks  of  the Gold Range 
Formation .
Subunit 4
The next youngest r o cks  cons ist  of  argi l l i te  and interbeds of l i m e ­
stone and shale,  with a com bined  thickness of  450 feet (135 m e te rs ) .
The arg i l l i te  is light brown on f resh  and weathered sur faces ,  but 
somewhat red der  on weathered  s u r fa c e s .  The unit is not well  exposed 
but appears  to have beds which are  about 5 feet to 10 feet (1. 5 m eters  to 
3 m e te rs )  thick.
The individual beds  that make up the interbedded l imestone and 
shale range f r o m  2 feet  (0 .6  m e t e r s )  to 10 feet (3 m e te rs )  in thickness.
The l im estone  is m ed ium  gray to dark gray on f resh  surfaces  and m e -  
gray  or  o c c a s io n a l ly  iron stained on weathered su r faces .  A fewdium
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of the beds exhibit d i f ferent ia l  weathering,  as these contain lenses of  
black s i ltstone.  The l im estone  is non foss i l i fe rous ,  but the shale is 
highly f o s s i l i f e r o u s .  Both plant and animal  fo s s i l s  were  found in these 
shale beds ,  which contain abundant invertebrate  f o ss i l s  and sparse  
plant f o s s i l s .  The invertebrate  f o s s i l s  are m o l lu scs ,  chie f ly  p e le c y -  
pods and a few gastropods  and cephalpods .  Some of the pelecypods  
have tentatively been  identified as Lop ha , Petan, and _Tri_gonia (Corn­
wall , p ersona l  c om m u nica t ion ) .  Plant f o s s i l s  f r o m  the shale beds con ­
sist of  lea f  imprints  which w e r e  identified as Zam ites  powelli. (Ash, 
persona l  com m unicat ion ) .
Subunit 5
Rocks  of this subunit over l ie  subunit 4 and are conform ably  o v e r -  
lain by the upper l im estone  of the Luning Form ation .  Rocks  in subunit 
5 cons ist  of  tuf faceous s il tstone and argi l l i te  with a combined thickness 
of  about 200 feet (60 m e t e r s ) .
The tuffaceous s il tstone and arg i l l i te  range in c o l o r  f rom  gray to 
black  on f r e s h  s u r fa c e s ,  with the darker  s il tstone iron stained on 
weathered s u r fa c e s .  O cca s io n a l ly  sm a l l  f lakes of  biotite,  up to 1 m i l l i ­
m eter ,  are  v is ib le ,  but this is the only recognizable  m inera l  in hand 
spec im en .  In thin sect ion  these rocks  are  seen to be com posed  of broken 
crysta ls  of  quartz and p lag io c lase ,  biotite,  lithic fragments,  co l lapsed 
lapilli  and dev itr i f ied  glass  shards.  The beds range in thickness f rom
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3 feet (1 m e t e r )  to 10 feet (3 m e t e r s ) .
N ie lson  (1964) has interpreted  the andesite f lows and brecc ias  as 
being submarine  and depos i ted  c lo se  to the volcanic  vents.  The rhyolitic 
tuffs he interprets  as a ir  fal l  tuffs and the c lastic  sediments as being 
deposited  in shal low w ater .  This study found no evidence to support or 
d isprove  N ie lso n 's  interpretat ion of  the andesite f lows and b r e c c ia s .
The p re se n ce  of  a c c r e t i o n a r y  lapill i ,  a c co rd in g  to Moore and Peck 
(1962, p. 191), suggests  a i r  fa ll  tuff probably  within 10 m iles  (16 k i lo ­
m e te rs )  of  the so u r ce  vent.  They a lso  indicate deposition on land or 
shallow water .  The plant f o s s i l s  indicate a near shore  environment of 
deposition. The pe lecypods  in the shale a lso  suggest  a shallow env iron ­
ment.
Luning Form at ion
The Luning Form at ion  as applied here  cons ists  of only the Upper 
Limestone and Upper Slate units r e co g n ize d  by Ferguson and Muller  
(1949, p. 5) with a total thickness of  about 1100 feet (330 m eters ) .  This 
usage is cons istent  with that of  Nie lson  (1964).  The rocks  are Late 
T r ia s s i c  in a g e .
The l im estone  within the mapped area is thick to very  thick bedded, 
about 2 feet (0 .6  m e t e r s )  to 8 feet (2 .4  m e te rs )  thick, dark gray, with 
sharp i r re gu la r  pro trus ions  on weathered  su r fa ces .  Minor amounts of 
thin bedded shaly l im estone ,  light gray,  with i rregular  parting occur
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p r im a r i ly  near the base ,  with l e s s e r  amounts e lsew here .  The limestone 
exhibits r e c r y s t a l l l z e d  white ca lc i te  s tr ingers  which are paral le l  or 
subparalle l  to bedding and l e s s  than 5 m i l l im e te rs  in width. The l im e ­
stone genera l ly  appears  to be non foss i l i ferous ,  but a few beds, 1 foot 
( 0. 3 m eter )  to 3 feet ( 1 m e t e r )  thick of b ioc last ic  l imestone  w ere  ob ­
served .  The only f o s s i l  f ragm ents  recogn izab le  were  those of  pe lecy -  
pods which are  dark  gray to b lack  set in a medium gray ca lcareous  
m a t r ix .  O c c u r r in g  within the l im estone  is a slate unit which according 
to Ferguson and M ul le r  (1949, p. 5) only reaches  mappable thickness in 
the Garfie ld  H il ls .  This unit is of  sufficient thickness to be mapped in 
the nor thernm ost  part of  the area  (Plate 1). The unit is about 130 feet 
(39 m eters )  thick, cons ist ing  of  chert  pebble cong lom erate ,  argill ite  
and l im estone .  Near the base is a m aroon  siltstone which Nielson 
(1964, p. 35) rep orts  is a m a r k e r  unit in the north central  Pi lot  Moun­
tains and G arf ie ld  Hil ls .  The est imated com bined  thickness  of  the l i m e ­
stone and slate unit is 1100 feet (330 m e t e r s ) .  This f igure seems 
reasonable ,  s ince  N ie lson  (1964, p. 34) m e a s u r e s  a combined  thickness 
of  1120 feet (336 m e t e r s )  between Mina and Luning, T 6N, R34E, in the 
eastern G arf ie ld  Hil ls .
The p e le cyp od  f ragm ents  in the b io c las t i c  l imestone suggest a shal­
low water  env ironment.  The s im i la r i ty  between the chert in the con­
glomerate  of the Luning Form at ion  and the chert  of  the Exce ls io r
Formation,  suggests  that at least part of the Luning slate unit was d e ­
rived f r o m  the E x c e l s i o r  F orm at ion .
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Ju rass ic  System
Dunlap F o rm at io n
The L o w e r  Ju ra s s i c  Dunlap Formation  consists  of  four  m e m b e r s .  
F rom  bottom to top they are  as fo l low s :  sandstone, l imestone ,  andesite,  
and c o n g lo m e ra te .  Jhe Dunlap Form at ion  over l ies  the Luning and Gold 
Range F orm at ions  with an angular  d i s c o r d a n c e  of about 20 d egrees .  
Muller  and F e rg u so n  (1939, p. 1619) est im ate  the maximum thickness 
to be about 3000 feet (900 m e t e r s )  h e re .  Work by Muller  and Ferguson 
(1936), N ie lson  (1964) and Stanley (1971) show that while the Dunlap 
Formation was deposited  o v e r  a large  area,  it was rest r i c ted  to s t ru c ­
tural troughs. One of these troughs o c c u r s  in the southeastern portion 
of the area  (Plate 1). It is about 1 m ile  (1. 6 k i lom eters )  wide and 4 
m i les  (6 .4  k i l o m e te r s )  long and has an axial trend of northeast.  Muller 
and Ferguson  (1939) and Stanley (1971) mention that the l i thologic c h a r a c ­
ter is highly variable  and beds on one side of the trough can not be 
matched  to the opposite  side .  Stanley (1971) worked  in a portion of this 
same trough about 2 m i l e s  (3 k i lom eters )  to the northeast of  the Bluelight 
mine. The co lum nar  sect ion  he d er ived  fo r  the area is presented in 
Figure 5.
The sandstone m e m b e r  which consists  of  intercalated quartz sand­
stone and si ltstone is es t im ated  to be about 1200 feet (360 m eters )  thick. 
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300  feet 
(90 meters)
Red sandstone with lenses  of  
vo lcan ic  conglom erate
Red mudstone and sandstone 
Sill
Interbedded red mudstone and gray- 
l im estone  conglomerate
Gray  l im estone  b r e c c ia  
and cong lom erate
Andesite  f lows ,  b r e c c ia s  and 
lithic tuffs with m inor  vo lcan ic -  
der ived  sedimentary rocks
Dolomite
Interf ingering mudstone, sand­
stone, do lomite ,  and dolomite 
pebble  cong lom erate
Angular  unconformity
Figure  5. Columnar sect ion of  the
Dunlap Form ation  (after Stanley, 1971, 
p. 462).
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very  thin bedded,  black ,  m a r o o n  and light green in co lo r .  This m e m ­
ber  uncon form ably  o v e r l i e s  the Luning and Gold Range Formations  and 
is over la in  by the l im estone  m e m b e r  of the Dunlap Formation.
The l im estone  m e m b e r  cons is ts  of  an estimated 300 feet (90 meters)  
of  thin bedded l im estone  interbedded with thin to very  thin bedded l imy 
shale.  The l im estone  and l im y  shale are  light gray and apparently non- 
f o s s i l i f e r o u s . This m e m b e r  is over la in  by the andesite m e m be r .
The andes ite  is a f low containing tabular to nearly square euhedral 
phenocrysts  o f  p la g io c la se  up to 1 cen t im eter  a c r o s s .  In hand specimen 
the white p lag io c lase  c rys ta ls  are  set in a m edium  gray groundmass.
In thin sect ion  the groundmass  is seen to contain p lag ioc lase  laths having 
a felted texture and d issem inat ions  of  magnetite .  The andesite f low is 
estimated to be about 200 feet (60 m e te rs )  thick.
Over ly ing  the andesite f low is the cong lom erate  m e m b e r  estimated 
to be about 250 feet (75 m e t e r s )  thick, c o m p o s e d  of conglom erate ,  sed i ­
mentary b r e c c i a  and s i lts tone.  The cong lom erate  and sedimentary 
b r e c c ia  are  c o m p o s e d  of  dark gray c lasts  o f  Luning l imestone  recemented 
by a light gray c a l c a r e o u s  m atr ix .  The cong lom erate  c lasts  are rounded 
and range in s ize  f r o m  1 cen t im eter  to 6 cent im eters .  The sedimentary 
b r e c c ia  c las ts  are  v e r y  angular  and range in size f r o m  1 centimeter to 
20 ce n t im e te rs .  The s i ltstones  are v e r y  thin bedded and are  maroon,  
black and light gray  in c o l o r .
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C re ta ce o u s  Igneous Rocks
A porphyr i t ic  quartz  m onzonite  dated at 84 mil l ion  years  old by 
Evernden and K is t le r  (1970, plate 2) has intruded the Dunlap Formation 
in the southeastern  part of  the mapped area (plate 1). The stock  covers  
an area  about 2 m i l e s  (3 k i l o m e te r s )  wide and 4 m i les  (6 k i lom eters )  
long, m ost  of  which  does  not lie in the mapped area.  The outcrops 
have a rounded appearance  typ ica l  of  weathered granitic rocks .  In hand 
spec im en the r o c k  is seen  to cons is t  of  about 40 per cent phenocrysts  of 
orthoclase ,  p lag ioo la se ,  biotite and hornblende ami 60 per  cent ground- 
m a s s .  Thin sect ions  re ve a l  the groundmass  is p r im a r i ly  c o m p o s e d  of 
quartz and p la g io c la s e .  The r o ck  appears  f r e s h  except  fo r  the effects  
of weathering.
Granophyre dikes are  thought to be Cretaceous ,  probably a s s o ­
ciated with late stage crysta l l izat ion  of  the parent magma which produced 
the quartz m onzonite  stock .  The only age that can be applied to these 
dikes with certa inty  is post  Late T r i a s s i c ,  f o r  they intrude the Luning 
and Gold Range F o r m a t io n s .  They intrude along f i s su re s  which have 
a north or  northeast  trend and appear  v e r t i ca l .  The dikes range in 
width f r o m  about 10 feet  (3 m e t e r s )  to 200 feet (60 m e te rs )  and can be 
traced on the sur face  fo r  up to 1000 feet (300 m e te rs ) .  They are highly 
fractured,  f o r m in g  e x t r e m e ly  hard, v e r y  light tan angular b locks .  The 
weathered s u r fa c e s  are  somewhat darker ,  being stained with limonite 
and manganese  ox id e s .  No m inera ls  in the hand spec imen w ere
r e c o g n iz a b le , but in thin sect ion  p lag ioc lase  and orthoc lase ,  up to 0.3 
m i l l im e te rs  in d ia m e te r ,  are  seen to be enc losed  by m ic ro -g r a p h ic  
intergrowths of  o r th o c la se  and quartz.  The orthoc lase  crys ta ls  
being rep laced  by s e r i c i t e  while  the p lagioc lase  is being a ltered  to 
albite and s e co n d a ry  o r th o c la se .
T e r t ia r y  System
Rocks  of  this p e r io d  are  dominantly vo lcan ic  with a minor  sed i ­
mentary unit. The v o lca n ic  r o ck s  are  of  three com pos it ions :  rhyolite 
tuff, in termediate  tuffs and f lows  and a basalt ic  f low.
The o ldest  o f  the T er t ia r y  units is a highly fr iable  dark brown 
sandstone, es t im ated  to be about 30 feet (9 m e te rs )  thick; the base, 
however ,  is not exposed .  This unit only c r o p s  out in a few locations 
and is over la in  by a rhyol ite tuff. The outcrops  of the sandstone are 
too small  to be mapped at the sca le  used for  plate 1 .
The rhyol ite  tuff which o v e r l i e s  the sandstone c ro p s  out in five 
mappable locat ions  (plate 1). In hand sp e c im e n  the rock  is seen to be 
light gray, with consp icuous  biotite f lakes and quartz phenocrysts ,  and 
pumice lapi l l i .  The unit is about 60 feet (18 m eters )  thick.
Over ly ing  the rhyolite tuff is the Gilbert  andesite,  an intermediate 
com pos it ion  vo l ca n ic  unit. It cons is ts  chie f ly  of  rhyodacite to andesite 
f lows,  tuffs and b r e c c i a s  (R oss ,  1961). This unit is quite extensive and 
appears to contain s e v e r a l  of  the var ie t ies  of  rocks  mentioned. The
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unit is es t im ated  to e x c e e d  100 feet (30 m e te rs )  in thickness .
A basalt  f low dated at 8 . 5 m i l l ion  years  old by Si lberman et al. , 
(1975, p. 17) c o v e r s  a large  area  to the north and west  of  the mapped 
area.  In hand s p e c im e n  the r o c k  appears black, ves icu lar ,  with v i s i ­
ble olivine on f r e s h  s u r fa c e s .  This unit is estimated to exceed  20 feet 
(6 m e te rs )  in th ickness .
Quaternary System
The Quaternary depos i ts  are  alluvium, consist ing of gravels,  
slope wash and va l ley  f i l l .  Garf ie ld  Flat, about 8 m i les  (13 k i lometers )  
south of the m apped  area ,  is a playa re ce iv in g  f ine -g ra ined  sediments 
and was p oss ib ly  a sm a l l  e n c lo s e d  lake during the P le is to cene .
STRUCTURE
The structure  of the d is tr ic t  is quite com plex ,  having undergone 
folding, uplift and thrust faulting during an E a r ly  Jurass ic  orogeny as 
d iscussed  in the reg iona l  s tructure  sect ion .  The com plex ity  was further 
increased  by high angle faulting during p o s t -J u r a s s i c  t imes.
The E a r ly  J u r a s s i c  orogen y  appears  to have been responsib le  for  
the folding and thrust faulting within the area  (plate 1). Throughout much 
of the d is tr ic t  the axial t r a c e s  of  folds  trend northeast and the axial 
planes dip to the southeast  (plate 1, c r o s s  sect ion  A - A 1). The folds are 
overturned to the northwest ,  with the b road er  folds being m o r e  s y m ­
m e tr ica l  and the tighter ones  being m o r e  isoc l ina l .  A c c o r d in g  to
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Ferguson and M u l le r  (1949, p. 19) this fold pattern is presumably due 
to def lect ion of  later  fo lds  by e a r l i e r  folded and uplifted rocks .
There appear  to be thrust faults with both small  and large  d isp lace­
ment. The thrust faults with the sm a l le r  d isp lacements  are  assoc iated  
with rupture in tight fo lds  (Plate 1, c r o s s  sect ion A - A '  and B - B ' ) .  This 
type is diff icult to detect  and it s e e m s  poss ib le  that a number of these 
faults may ex is t  and have gone undetected.  The thrust faults having 
larger  d isp lacem ents  appear  to have m o ve d  about a mile ,  with the p o s ­
sible exception of the thrust plate containing the c o a r se  c lastic  rocks of 
the Gold Range F o r m a t io n  (Plate 1, c r o s s  sect ion  B - B 1). The thrust 
faults having the m i le  d isp lacem ents  appear  to contain continuations 
of  the folded r o c k s  f r o m  the east  side of  Mable Mountain which have 
wrapped around the southwest f lank of Mable Mountain by thrust faulting.
Most  of  the high angle faults are norm al  faults with apparently 
small  hor izontal  and v e r t i c a l  d isp lacem ents .  The longer faults,  r e c o g ­
nized on ae r ia l  photographs,  when f ie ld  checked  w ere  found to dip within 
20 degrees  of  the v e r t i c a l .  M ost  of the faults did not, however ,  have 
exposures  on which  the dip could be determ ined .  When the str ikes of 
the faults r e c o g n ize d  on a e r ia l  photographs  are  plotted on a rose  diagram 
(Fig. 6), four  dominant groups are  revea led :  N 10 ° -2 0 °W ;  N 35° -40°W ;  
N45 -5 0 ° W  and N 7 5 ° - 8 0 ° W .  The faults which have a strike between 
N 10° -20 °W  are  in the v ic in ity  of  the quartz monzonite stock (plate 1) 
and are  thought to be a s so c ia te d  with the uplift caused by the stock as
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it intruded the ove r ly in g  r o c k s .  If these faults w ere  caused by the up­
lift on the stock ,  then s ince  the stock  is Cretaceous  the faults are also 
Cretaceous  in age .  I h e  two m o s t  prominent  groups of faults,  N35°-40°W 
and N 45°-50°W ,  a re  p a r a l l e l  to a set of  l ineaments which can be seen on 
high altitude Sky Lab photographs of  the region.  These l ineaments 
parallel  the Soda Spring Va l ley  and m ay be fault zones assoc ia ted  with 
the Walker Lane.  At least  som e  of the faults in these groups appear to 
be Tert iary  in age s ince  a T e r t ia r y  andesite  stock about 1.5 miles  
(2 .4  k i lo m e te rs )  north of  the Bluelight mine has been intruded along a 
fault of  this group (Plate 1). The group o f  faults with the N 75° -80 °W  




The G ar f ie ld  d i s t r i c t  o c cu p ie s  sect ions  8 , 9, 10, 11, 12, 13, 14 
15, 16, 17, 20, 21, 22, 23, 24, 25, 26, 27, and 28 of  T7N, R33E; 
however,  in recent  usage the d is tr ic t  has been combined with severa l  
other d is tr ic ts  and is now part of  the Gold Range d istr ict .  The Bataan, 
Bluelight, M endora ,  M abel ,  and Garf ie ld  m ines ,  located on patented 
and unpatented c l a i m s ,  and num erous  p ro sp e c t s  make up the distr ict.
The district  was  intermittently  act ive  f r o m  the 1880's until the 1940's 
with a r e c o rd e d  p roduct ion  of  gold, s i lve r ,  lead and copper  valued at 
about 1.5 m i l l ion  d o l la r s .
Two types of  m inera l iza t ion  are  re cogn ized  in the d istr ict ;  e p i ­
thermal deposits  of  g o l d - s i l v e r  and igneous m etam orph ic  deposits of  
copper.  Figure 7 shows the locat ion and type of  m ineral izat ion  of mines  
and prospects  on a reduced and s impli f ied  geolog ic  map of the distr ict .  
The m ineral izat ion  o c c u r s  in M e s o z o i c  rocks  of  the Luning, Gold Range 
and Dunlap fo rm a t io n s  with a lterat ion  extending some distance beyond 
known m inera l iza t ion .  There  is no known m inera l izat ion  in the Tertiary 
rocks in or  around the d is t r i c t .  F igure  8 shows the locations and types 
of alteration.
The fo l lowing d i s c u s s io n s  wil l  d e sc r ib e  the mines  in the district,  
summarize  their  c h a r a c t e r i s t i c s ,  estimate the ore  potential of  each 
mine and suggest  p o ss ib le  s ites  fo r  exploration.
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F igure  8 . L im es tone  a lteration in the Garfield







The Bataan mine is lo cated  approximately  1 m ile  southeast of 
Mable Mountain in sect ion  22 of  T7N, R33E.  It occupies  the southeast 
facing slope of  a r idge at an e levat ion  of about 7 , 500 feet (2 , 250 m eters ) .  
Rocks exposed  in the mine a rea  are  l imestone of the Luning Formation , 
clastic r o cks  of  the Gold  Range F orm at ion  and a granophyre dike.  The 
sedimentary units str ike northeast  and dip about 50 degrees  to the 
southeast, while the dike trends northeast  (Plate 1, Plate 2, and Figure 7).
The mine ,  p robab ly  m o r e  p r o p e r ly  te rm ed  a prospect ,  is located 
on several  unpatented lode c la im s  held by a Mr.  Swanson, of  Mina,
Nevada. A c c o r d i n g  to R o ss  (1961, table,  6 .3 ) ,  the mine was worked 
for copper  in 1915 and 1916 with some product ion in 1916. Ross  also 
mentions that d issem inated  scheel ite  in tactite and l imonit ic  gossan of 
a sheared l im estone  was d i s c o v e r e d  in 1943, but was generally low grade 
at 0 .2  to 0 ,8  per  cent W O3 .
The w ork ings  co n s is t  of  adits,  shafts and stopes (Plate 2). One 
of the stopes ap p ears  to have reached  the surface  and now fo rm s  a small 
pit. Two adits w est  o f  the pit w e re  dr iven  into an outcrop  of  al tered 
limestone.  Each  adit is about 30 feet (9 m e te rs )  in length and fol lows 
veins of co p pe r  m in e ra l i za t io n .  Four ve r t i ca l  shafts,  each approximately 
30 feet (9 m e t e r s )  depth, w e re  sunk into the northeasterly  trending shear 
zone. The caved  stope f o r m s  a pit 20 feet (6 m eters )  deep and 75 feet 
(23 m e te rs )  in d ia m e te r .  There  are  remnants of  an adit which pass
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beneath the road  and into the pit f r o m  the east .  Apparently the adit once 
continued through what is now the pit.
Copper  m in e r a l i za t io n  o c c u r s  in the l imestone of the Luning F o rm a ­
tion in six ve ins  up to 6 inches  (15 cent im eters )  wide. The mineralizat ion 
appears to be l im ited  to a nor theaster ly  trending shear zone approximately 
200 feet (60 m e t e r s )  wide about 300 feet (90 m eters )  south of the dike 
and p ara l le l  to it. The m in e r a l s  in the vein are azurite,  malachite,  
brochanite,  c h r y s o c o l l a ,  tenor i te ,  ca lc i te ,  garnet and limonite (Fig.  9). 
Due to post  o re  f r a c t u r e s  and the porous  nature of  the l imestone, super­
gene cop per  m in e r a l s  have been deposited  in and around the site of the 
hypogene vein .  The veins  c r o s s  cut the bedding, trend northeast and 
dip between 80°SE and 80°NW. A vein spec im en  co l lec ted  f r o m  the adit 
in western  face  of  the pit was assayed  by atom ic  absorption.  The assay 
ran: copper ,  2 . 2 0  percent ;  lead, 0 . 02  percent;  zinc,  0 .60  percent;  
and s i lver ,  0 .4 4  ounces  per  ton. F ire  a ssa y  of this same spec im en 
showed: gold,  0 ounce per  ton; s i lver ,  0 .4 2  ounces per  ton. It is not 
known what m in e r a l s  hold the lead, zinc and s i lver .  Only the copper 
minerals  p r e v io u s ly  m ent ioned  a re  in sufficient  quantities to be detected 
by X - r a y  d i f f rac t ion .  O c c u r r e n c e  of  these elements  in other parts of  the 
district  suggest  that the hypogene m inera ls  were  chalcopyrite ,  argenti f­
erous  galena, argentite  and sphaler ite .
The l im e sto n e ,  c la s t i c  r o c k s  and granophye dikes exhibit different 
types of  a l terat ion .  The alterat ion  of the l imestone may be divided into







two types based  on m e g a s c o p i c  examination:  b leached yellow and r e c r y s ­
tallized white ca l c i t e  s t r in g e r s .  The f o r m e r  type m ay be further dif­
ferentiated by m i c r o s c o p i c  examination.  In hand spec im en the limestone 
of the b leached  ye l lo w  a l terat ion  is recrysta l l ized ,  exhibits a sandy 
texture, b leached  y e l l o w  and highly porous .  Thin sect ions  of  this type 
of alteration r e v e a l  that the l im eston e  is dominantly re c ry s ta l l i z e d  c a l ­
cite with l e s s e r  amounts  of  garnet and andalusite.  The intensity of  the 
alteration d e c r e a s e s  away f r o m  the ve ins,  until about 10 feet (3 m eters )  
away f r o m  the ve in s ,  the l im eston e  is dark  gray , slightly porous and 
contains s tr in g ers  of  r e c r y s t a l l i z e d  ca lc i te .  These  str ingers  of  white 
recrysta l l ized  ca lc i te  are  random ly  or iented and up to 2 inches (5 c e n ­
timeters) in width.
Field  re lat ionships  suggest  that the c last ic  rocks  of  the Gold Range 
Formation a re  in contact  with the dike,  but the contact cannot be seen, 
because of a c o v e r e d  interval .  In an outcrop  of the Gold Range F o r m a ­
tion, nearest  the dike,  it has  been converted  to a spotted horn fe ls .  Thin 
sections of  this r o c k  re ve a l  that, with the except ion  of a few quartz grains,  
the or iginal texture of  the r o ck  has been d estroyed  and incipient minerals  
have f o rm e d  dark spots  up to 2 m i l l i m e t e r s  in d iameter .  The minerals  
forming the dark spots  and groundm ass  are  too f ine -gra ined  to be iden­
tified in thin sec t ion .  Graphite ,  iron oxide or  chlor ite  are  com m on 
minerals  which f o r m  dark  spots  (Jackson, 1970, p. 430) in hornfe ls .
The dike c r o p s  out a p p r o x im a te ly  340 feet  (100 m e t e r s )  north of 
the pit and is about 1100 feet  (330 m e t e r s )  long and 230 feet (69 m eters )  
wide .  It is v e r y  l ight tan, e x t r e m e l y  f in e -g ra in e d ,  v e r y  hard with a 
b lo ck y  f r a c t u r e .  Thin s e c t io n s  show the p r i m a r y  m in e r a ls  to be o r tho -  
c la s e ,  p la g io c la s e  and quartz .  The o r th o c la se  o c c u r s  as euhedral ,  
tabular  c r y s t a l s  up to 0 .3  m i l l i m e t e r s  in d iam eter  and as graphic  in ter ­
growths with quartz .  The p la g io c la s e  o c c u r s  as embayed c r y s ta ls  up 
to 0 . 1 m i l l i m e t e r  in d ia m e te r ,  part ia l ly  r e p la c e d  by albite and s e c o n ­
dary o r t h o c l a s e .  The p r i m a r y  o r t h o c la s e  is part ly  r e p la c e d  by ser ic i te  
and the s e r i c i t e  ap p e a rs  to have total ly r e p la c e d  so m e  biot ite ,
BL U EL IG H T MINE
The Bluel ight  m ine  is l o ca ted  about 3 m i l e s  (5 k i l o m e t e r s )  south­
east  o f  Mable  Mountain in sect ions  25, 26, and 27 o f  T7N, R33E (Plate  1 
and F ig .  7). It is c o m p o s e d  of  17 patented lode c la im s  (patent survey 
#4123) owned by Summa C o rp o ra t io n  and A .  J. Bryant Company D i v e r s i ­
f ied .  The m ine  a r e a  is situated on the southeast  fac ing  s lope of a north­
east  trending r idge ,  at an e levat ion  of ap p ro x im a te ly  7100 feet  (2130 
m e t e r s ) .
R o c k s  e x p o s e d  in the v ic in i ty  are  the l im estone ,  andesite  and 
c o n g lo m e r a te  m e m b e r s  o f  the Dunlap F o rm a t io n  and a C re taceous  stock. 
This  s to ck  is a p o rp h yr i t i c  quartz  m onzonite  which has been dated by 
E v e r d e n  and K is t le r  (1970, plate 2) at 84 m i l l i o n  y e a rs  old.  The stock  
c r o p s  out o v e r  an a r e a  ap p ro x im a te ly  4 m i l e s  (6 k i l o m e t e r s )  long and
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2 m i l e s  (3 k i l o m e t e r s )  w ide ;  h o w e v e r ,  only a s m a l l  port ion  of it o c c u rs  
within the m apped  a r e a .  It has  intruded the Dunlap F o rm a t io n  and c ro p s  
out about 3500 feet  (1000 m e t e r s )  southeast o f  the m ine .  The r o ck s  of  
the Dunlap F o r m a t io n  str ike  northeast  and dip about 60 d e g r e e s  to the 
southeast,  near  the m in e .
The M in e r a l  R e s o u r c e s  o f  the United States (1905, p. 268) states 
that the " .  . . Bluelight  mine  was the la r g e s t  co p pe r  p r o d u ce r  in the 
county. . . "  during that y e a r .  In 1908 the sam e publicat ion mentions 
that the m ine  m ade  a t r ia l  shipment of  p r e c i o u s  m e t a l -b e a r in g  copper  
o r e .  A c c o r d i n g  to W eed  (1922, p. 1149), the Bluelight mine  shipped 
s e v e r a l  c a r lo a d s  o f  r i c h  carbonate  o r e ,  but b e c a m e  inact ive  so m e t im e  
between  1917 and 1919.
The w ork ings  c o n s i s t  o f  a 600 foot  (180 m e t e r s )  shaft with leve ls  
at 50 feet  (15 m e t e r s ) ,  74 feet  (22 .2  m e t e r s ) ,  100 feet  (30 m e t e r s )  and 
300 feet  (90 m e t e r s )  (Plate 3). The true la te ra l  extent of  the o r ig ina l  
underground deve lopm ent  is unknown, s ince  the map indicates  that parts  
of  the m ine  are  cave d  or  b a ck f i l l e d .  The w ork ings  which a re  p r e s e r v e d  
total about 1500 feet  (450 m e t e r s ) ,  but w e r e  not entered  by the author 
b e c a u s e  o f  safety c o n s id e r a t i o n s .  S p ec im en s  used to determ ine  o r e  and 
gangue m in e r a lo g y ,  and a l terat ion  types ,  w e r e  obtained f r o m  the dump 
o r  o u t c r o p  ad jacent  to the m in e .
C op p er  m in e r a l i za t io n  o c c u r s  as ve ins  in the l im estone  m e m b e r  of 
the Dunlap f o rm a t io n .  The m ap  o f  the underground work ings  indicates
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that m in e r a l i z a t i o n  is l o c a l i z e d  in a northeast  trending shear zone which 
dips about 70 d e g r e e s  to the northwest  and is about 1000 feet  (300 m e te rs )  
long and 250 feet  (75 m e t e r s )  w ide .  C o p p e r -b e a r in g  ve ins  at the surface 
e xp o s e d  in 5 bu l ld o ze r  cuts range in width f r o m  0 .5  inches  (13 m i l l i ­
m e t e r s )  to 18 inches  (46 c e n t im e te r s ) ,  but m o s t  are  l e s s  than 2 inches  
(5 c e n t im e t e r s ) .  Some p i e c e s  o f  ve in  m a te r ia l  found on the dump w e re  
about 2 feet  (0 . 6 m e t e r s )  w ide ,  suggest ing that som e  of the ve ins  w ere  
at least  2 feet  (0 .6  m e t e r s )  wide in the m in e .  Copper  m inera ls  found 
on the dump and in su r fa ce  ve ins  include azu r i te ,  m alach ite ,  brochanite ,  
c h r y s o c o l l a  and te n o r i te .  Two s p e c im e n s  in the M ackay  School  of  Mines  
M u se u m  contain c h r y s o c o l l a  and m e la c o n i t e .  The gangue m in e r a l s  are  
l im onite  and c a l c i t e .  The texture  o f  the or ig ina l  vein  has been d estroyed  
by oxidat ion but the hypogene m in e r a l i za t io n  s e e m s  to have rep laced  the 
l im eston e  along f i s s u r e  openings .  M r .  Saunders,  geo log is t  f o r  Summa 
C orp ora t ion ,  m ent ioned  (persona l  com m u nicat ion )  that the o re  was 
ox id ized  on al l  l e v e l s ,  no m in e r a l i z a t io n  was present  be low  the 300 foot 
(100 m e t e r )  l e v e l  and that the shaft was  b o a rd e d  o v e r  at the 300 foot 
(100 m e t e r )  l e v e l .  Two s p e c im e n s  in the M ackay  School  of  Mines  Museum, 
one of  c h r y s o c o l l a ,  the other  m e la c o n i te ,  contain 21 p ercen t  and 19 
p e r ce n t  c o p p e r  r e s p e c t i v e l y .  One s p e c im e n  co l l e c te d  f r o m  the dump 
and a s s a y e d  by a t o m ic  a bso rp t io n  contained:  cop p e r ,  1 .23 percent :  
lead ,  0 .01  p e rce n t ;  z inc ,  0 .01  p e rce n t ;  and s i lver ,  1 .89  ounces  per  
ton. This  sam e s p e c im e n  was a l s o  a s sa y e d  by f i re  and found to contain:
gold,  z e r o ;  s i l v e r ,  3 .6 0  ounces  p e r  ton. Two s p e c im e n s  co l l e c te d  f r o m  
ve ins  at the s u r fa c e s  and a s s a y e d  by a to m ic  absorp t ion  w e re  found to c o n ­
tain: (1) c o p p e r ,  0 . 1 7  p e r c e n t ;  lead ,  0 .0 0  p e r ce n t ;  z inc ,  0 .0 2  percent;  
and s i l v e r ,  6 . 09 ounces  p e r  ton, (2 ) cop p e r ,  1 .33 pe rce n t ;  lead, 0 .07  
p e rce n t ;  z inc ,  0 . 0 0  p e r c e n t ;  and s i lv e r ,  2 . 21  ounces  p e r  ton.
The l im e sto n e ,  andes ite  and sandstone m e m b e r s  of  the Dunlap 
F o r m a t io n  show the e f fe c t s  of  a l terat ion .  The alteration of the l imestone  
ap p ears  s im i la r  to that found at the Bataan m in e .  Specimens co l l e c te d  
f r o m  the s u r fa ce  near  the m ine  and f r o m  the dump are  re c ry s ta l l i z e d ,  
b leached  light ye l lo w ,  highly p o ro u s  and have a sandy texture.  In hand 
s p e c im e n  this l im e sto n e  ap p ears  s im i la r  to that found at the Bataan 
m in e ;  h o w e v e r  no garnet or  andalusite w ere  found in it at the Bluelight 
m ine .  Two a r e a s  of  skarn o c c u r  in the v ic in ity  of  the mine (Fig.  8 ).
The andesite  o c c u r s  in the m ine  v ic in i ty  and within 1000 feet 
(300 m e t e r s )  of  the intrusive  and exhibits  a d i f ferent  type of a lterat ion 
at each  locat ion .  Near  the m i n e r a l i z e d  a rea ,  thin sect ions  re ve a l  that 
the fe l ted  groun dm ass  o f  p la g io c la s e  has been  r e p la c e d  by secon da ry  
o r t h o c la s e ,  b iot i te ,  and s e r i c i t e .  The p la g io c la s e  p henocrys ts  have been 
r e p la c e d  by s e co n d a ry  o r t h o c la s e ,  and s e r i c i t e .  The magnetite  prevalent 
in the unaltered  andesite  is great ly  red uced .  An outcrop  of  andesite 
about 1000 feet  (300 m e t e r s )  north of  the intrusive exhibits  a di fferent 
type of  a l terat ion .  In thin sect ion  it can be seen that the p lag ioc lase  
p h e n o crys ts  are  part ia l ly  r e p la c e d  by s e r i c i t e .  Epidote (? ) has rep laced
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part  o f  the grou n dm ass  and is r i m m e d  by magnetite .  Smal l  garnets are  
a l s o  p re se n t  up to 0 .5  m i l l i m e t e r  a c r o s s .
The sandstone m e m b e r  o f  the Dunlap F o r m a t io n  near  the intrusive 
is m o s t l y  s i l ts tone ,  w hich  has been  c on ver ted  to a h o rn fe ls .  A few of 
the l im y  beds  in this m e m b e r  have been  converted  to a skarn of  garnet,  
d iopside  and c a l c i t e .
No c o p p e r  m in e r a l i z a t io n  was found in the quartz monzonite  stock 
or  in the sed im en tary  r o c k s  ad jacent  to it. A l s o ,  the stock showed no 
signs o f  h y d r o th e r m a l  a l terat ion .
M ENDORA MINE
The M endora  mine is l o ca ted  in sect ions  3 and 10 of  T7N, R33E 
about 1. 5 m i l e s  ( 2 .4  k i l o m e t e r s )  northeast  o f  Mable  Mountain (Plate 1 
and F ig .  7). It is situated on s e v e r a l  unpatented lode c la im s ,  held by 
a M r .  P a r k e r  of  Mina, Nevada.  The mine a re a  o c cu p ie s  the northwest  
fac ing  s lope  of a n o r th e as te r ly  trending r idge at an e levat ion  of  6 , 700 
feet  (2010 m e t e r s ) .
R o c k s  e x p o s e d  in the v ic in i ty  a re  c la s t i c  and vo lcan ic  r o ck s  of  the 
Gold Range F o r m a t io n ,  l im eston e  of  the Luning Form ation ,  and grano-  
phyre d ikes .  The r o c k s  str ike northeast  and dip about 50 d e g r e e s  to the 
northwest .
A s s a y  sheets  f r o m  the A m e r i c a n  Smelting and Refining Company 
indicate that g o l d - s i l v e r  o re  was  m ined  in 1938 and 1939 at the Mendora 
m ine .  Th ese  sheets  a l s o  show that 10 lots  w e re  shipped, but f igures
f o r  lot one no lo n g e r  ex is t .  A total of  about 194 tons w e re  shipped 
having an av e ra ge  a s s a y  o f :  c o p p e r ,  0 . 9 9  percent ;  lead, 2 .6 2  percent 
z inc ,  0 . 0 2  p e r c e n t ;  s i l v e r ,  42 .  08 ounces  p e r  ton; and gold,  0 . 399  
ounces  p e r  ton.
The w ork ings  c o n s i s t  of  a 100 foot  (30 m e t e r s )  v e r t i c a l  shaft with 
l e v e l s  at 50 feet  (15 m e t e r s )  and 100 feet  (30 m e t e r s ) ,  and s e v e r a l  adits.
The extent of  la tera l  w ork in gs  on the two le v e l s  of  the shaft is about 
2100 feet  (700 m e t e r s ) .  The shaft was sunk into an altered  outcrop  of 
Luning l im e sto n e  and is g en era l ly  in good r e p a ir ,  but many of the adits 
dr iven  into r o c k s  of  the Gold  Range F o r m a t io n  are  caved .  A c c o r d i n g  to 
B ishop  (1968) the s e v e r a l  adits have a total o f  about 3000 feet  (1000 m e te rs )  
of  c r o s s  cuts and dr i f t s .
M in era l iza t ion  on the 100 foot  (30 m e t e r )  l e v e l  in the shaft o c c u r s  
in two quartz  ve ins  which trend northeast  and dip between 72 d e g r e e s  
southeast and 73 d e g r e e s  northwest  (Plate 4).  Dri f ts  expose  both ve ins ,  
one f o r  a length of 60 feet  (18 m e t e r s )  and the other fo r  a length of  43 feet 
(13 m e t e r s ) .  The ve ins  range between 2 feet  (0 .6  m e t e r s )  and 4 feet 
(1 .2  m e t e r s )  and a v e ra g e  about 2 . 5  feet  ( 0 .7 5  m e t e r s )  in width. The 
ve in  f i l l ings  c o n s is t  of  i ron  stained quartz ,  l im onite ,  c e r u s s i t e ,  jam eson ite ,  
pyr ite ,  stibnite and p y r a r g r i t e . The ja m e s o n i te ,  c e r u s s i t e ,  pyr ite and 
l im onite  o c c u r  in spa ces  between c o a r s e  crys ta l l ine  quartz  and as fine 
p a r t i c l e s  in f in e -g r a in e d  quartz .  The stibnite,  p y ra rg r i t e ,  pyrite and 
l im onite  o c c u r  near  the ve in  wal l  in s i l i c i f i e d  and iron  stained l im e sto n e .
In p la c e s  post  ore  m o v e m e n t  has c ru sh e d  the vein  and apparently  good 
values  w e re  found in these a r e a s  as r e f l e c te d  by the stoping.  A s p e c i ­
m en  o f  the c r u s h e d  quartz  was analyzed  by X - r a y  d i f f ract ion  and found 
to contain  ja m e s o n i t e ,  c e r u s s i t e ,  ca lc i te  and quartz .  One vein  o f  c o a r s e  
crys ta l l ine  b row n  c a l c i t e  1 foot  (30 c e n t im e te r s )  to 2 feet  (60 c e n t im eters )  
wide,  p a r a l l e l s  the quartz  ve in .  A  s p e c im e n  of  the quartz ve in  (plate 4) 
was a s s a y e d  by a to m ic  a b s o r p t io n  and found to contain: co p p e r ,  0 . 02 
p e rce n t ;  lead, 0. 23 p e r ce n t ;  z inc ,  0. 18 p e rce n t ;  and s i lver ,  1.49  
ounces  p e r  ton. F i r e  a s s a y  o f  the sam e s p e c im e n  showed: gold,  a t race ;  
s i lv e r ,  1 .44  ounces  p e r  ton. A s p e c im e n  c o l l e c te d  f r o m  the dump and 
a s s a y e d  by a to m ic  a b so rp t io n  contained:  c o p p e r ,  0 .0 3  percent ;  lead,
0 .0 3  p e rce n t ;  z inc ,  0 .0 4  pe rce n t ;  and s i lv e r ,  2 .68  ounces  per  ton.
The l im estone  near  the vein  is s i l i c i f i ed ,  highly porous  and heavily  
i r o n  stained.  About  8 feet  ( 2 .4  m e t e r s )  away f r o m  the vein  the l im estone  
is b le ach e d  light ye l lo w  and c o n s i s t s  dominantly  of  f in e -g ra in e d  r e c r y s t a l ­
l i z e d  ca l c i t e ,  with ve ins  of  c o a r s e - g r a i n e d  r e c r y s t a l l i z e d  ca lc i te  up to 
4 m i l l i m e t e r s  wide and p se u d o m o r p h s  o f  l im onite  up to 1 cen t im eter  
a c r o s s .  A r g i l l i t e  of  the Gold Range F o r m a t io n  o c c u r s  about 200 feet 
(60 m e t e r s )  away f r o m  the n e a re s t  vein  and it is unaltered.
Adits  w e r e  dr iven  into the northeast  s lope of  the r idge  until the 
ve in  o r  ve ins  w e r e  in terested .  At  that point,  dr i f ts  w e re  dr iven  along 
the ve in .  The quartz  ve ins  re ach e d  by the adits are  s im i la r  to the veins
at the shaft.  Judging by the num ber  of adits,  their locat ion,  and the 
quartz  ve in  m a t e r ia l  on the dumps,  it appears  that the vein  o r  veins
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are  at least  s e m i - c o n t in u o u s  f o r  about 1400 feet  (420 m e t e r s ) .  The 
pos i t ions  of  the adits a l s o  suggest  that the ve in  sy s te m  has been exp lored  
v e r t i c a l l y  about 200 feet  (60 m e t e r s ) .
A s p e c i m e n  c o l l e c t e d  f r o m  a dump about 1100 feet  (330 m e t e r s )  
east  o f  the shaft was a s s a y e d  by a to m ic  absorpt ion  and found to contain:  
c o p p e r ,  0 .9 0  p e r c e n t ;  lead ,  1. 14 p e r ce n t ;  z inc ,  0 .5 4 ;  and s i lv e r ,  16.33 
ounces  p e r  ton. F i r e  a s s a y  o f  this sam e s p e c im e n  showed: gold,  0 .044  
ounces  per  ton; s i l v e r ,  19 .93  ounces  p e r  ton.
Two s p e c im e n s  of  the Gold  Range F o r m a t io n  c o l l e c te d  f r o m  the adit 
about 1130 f ee l  (340 m e t e r s )  east  of  the shaft show d i f ferent  types of  
a l tera t ion .  The f i r s t  sp e c im e n ,  c o l l e c te d  43 feet (13 m e t e r s ) ,  f r o m  the 
p o r ta l  is s lightly  a l t e re d .  A thin sect ion  r e v e a ls  that the groundm ass  
is being r e p la c e d  by s e co n d a ry  biot ite and s e r i c i t e  and the p lag io c lase  
p h e n o crys ts  are  just  beginning to be r e p la c e d  by s e r i c i t e .  The second  
s p e c im e n ,  p robab ly  o r ig ina l ly  an a r g i l l a c e o u s  rock ,  was c o l l e c te d  
620 feet  (186 m e t e r s )  f r o m  the porta l .  This  s p e c im e n  is a l te red  to a 
spotted h o r n fe l s .  Had this adit continued 300 feet  (100 m e t e r s )  farther ,  
it would  have p a s s e d  through the r idge and c o m e  out near  a c o p p e r  
p r o s p e c t  known as the S i lver  D o c t o r ,  which  is in a h o r n fe l s i c  r o c k  of  
the Gold  Range F o r m a t io n .  M in e ra l iza t io n  there  c o n s is t s  of  c o p p e r  in 
quartz  ve ins  up to 2 c e n t im e te r s  in width. The c o p p e r  m in e r a l s  are 
c h r y s o c o l l a ,  m alach ite  and tenor i te ,  A s p e c im e n  c o l l e c te d  f r o m  the 
dump at the S i lver  D o c t o r  p r o s p e c t  was  a s sa y e d  by a tom ic  absorpt ion  
and found to contain:  c o p p e r ,  1 .28  p e rce n t ;  lead, 0 . 12 percent ;
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z inc ,  0 .3 9  p e rce n t ;  and s i lv e r ,  1 .49  ounces  per  ton. F ire  a ssa y  of this 
s p e c im e n  showed:  gold ,  t r a c e ;  s i lve r ,  1 .64  ounces  per  ton. This co p pe r  
m in e r a l i z a t io n  o c c u r s  about 30 feet  (9 m e t e r s )  f r o m  a grandophyre  dike.
M A B E L  MINE
The M abe l  m ine  is l o ca te d  about 0 .7 5  m i le  (1 .2  k i l o m e t e r s )  nor th ­
w est  of  Mable  Mountain, in sec t ion s  17, 18, 20, and 21 of  T7N, R33E 
(Plate 1 and F ig .  7). It is c o v e r e d  by one of  s e v e r a l  unpatented lode 
c l a i m s  held by Summa C o r p o r a t io n  and is situated at an elevation of 
about 7, 100 fe^t (2, 130 m e t e r s ) .  R o ck s  o f  the Gold Range F orm at ion  
are  e x p o s e d  in the v ic in i ty  o f  the m in e .  The str ike and dip o f  these 
units are  quite va r ie d ,  but in g e n e ra l  they str ike  northeast  and dip 
southeast.
Couch  and C arpenter  (1943, p. 105) show product ion  by the West  
End Conso l idated  Mining Company,  f o r m e r  ow ners  of  the M abe l  mine ,  
f r o m  1922 to 1940 to be 9 ,632  tons va lued at $745, 471.  A c c o r d i n g  to 
F e r g u so n ,  M u l le r  and Cathcart  (1954) quartz  ve ins  b ro k e n  by p o s t ­
m i n e r a l  faults contain argentite  and ar g e n t i f e r o u s  galena at depth and 
c e r a r g y r i t e  and native s i l v e r  near  the s u r fa c e .
The w ork ings  co n s is t  o f  s e v e r a l  adits cave d  at the porta ls  and a 
600 foot  (180 m e t e r )  shaft with le v e l s  ap p ro x im ate ly  e v e r y  100 feet 
(30 m e t e r s ) .  To  reduce  con fus ion  the w ork ings  a re  shown on two plates .  
A l l  the w ork ings  f o r  the M abe l  mine  and L a n c a sh ire  c la im ,  without 
geo logy ,  appear  on plate 6 . P late  7, on the other  hand, shows the
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w ork ings  f o r  only the L a n c a sh ire  #1 adit and the 100, 300, and 500 leve ls  
o f  the M abe l  m ine ,  a l l  with the g e o lo g y  added.
M r .  Saunders ,  g e o lo g is t  f o r  Summa Corporat ion ,  stated that the 
ladder  in the shaft is m i s s i n g  be lo w  65 feet  (personal  com m u n ica t ion ) .  
B e ca u se  of  the g e n e ra l  i n a c c e s s ib i l i t y  o f  the M abel  mine,  what fo l low s  
is l a r g e ly  taken f r o m  a re p o r t  by  Budelman (1934):
"D e v e lo p m e n t  of  the M abe l  Group  c o n s is t s  of  a 567 foot  
v e r t i c a l  shaft,  with la te ra ls  on the 100, 200, 300, 400, 500, 
and 600 l e v e l s ,  with a winze  on the ve in  f r o m  the 600 to the 
730 le ve l ,  with about 200 feet  o f  d eve lopm ent  work  on the 
700 le ve l .  A total o f  10, 050 feet  o f  d eve lopm ent  work,  
outs ide of  the shaft,  has been p e r f o r m e d  on the p roper ty .
M o r e  than hal f  this amount is dri ft ing ,  and inc ludes  c o n ­
s iderab le  foo tage  o f  w o r k  f r o m  in term edia te  l e v e l s . "
P r o d u c t io n  f r o m  1922 to 1929 inc lus ive  amounted to 4 3 1 0 .3  dry  tons
and a m eta l  content as  f o l l o w s :  gold,  5526 .310  ounces ;  s i lv e r ,  3 9 6 ,2 5 5 .9 9
ounces  and lead, 440, 169 pounds.
The p r in c ip a l  r o c k s  are  shales ,  s la tes ,  s o m e  thin beds  of  l im estone  
and dark c o l o r e d  andes i te .  T h ese  r o c k s  are  so a l te red  that they are  not 
a lways  e a s y  to identify .
"T he  ve ins  a re  true f i s s u r e  ve in s ,  having a gen era l  ea s te r ly  
and w e s t e r ly  s tr ike ,  with steep  dips usually  to the south. Hanging 
w a l l  and foo tw al l  a r e  w e l l  defined,  the f o r m e r  usually showing 
e v id ence  o f  s o m e  fault m o v e m e n t  in the plane of  the vein  . . . .
Vein  f i l l ing c o n s is t  of  quartz ,  with c o n s id e r a b le  i ron  oxide at 
t im e s ,  which latter  changes  to pyr ite  and cha lcop yr i te  with depth. 
V e r y  little ca lc i te  is found, but at t im e s  bar ite  is c om m on ,  
e s p e c ia l l y  in the wal l  r o c k s  near  the ve in s ,  w here  o c c a s io n a l  
s t r in g e r s  up to s e v e r a l  inches  in width are  s o m e t im e s  found 
. . . .  The ve ins  are  r a r e ly  o v e r  four  feet  in width and wil l  
a v e ra g e  about two feet  w here  stoped , with a tendency to widen 
with depth. "
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Many s m a l l  c r o s s  faults ,  with va r io u s  s tr ikes  and dips cut the ve ins .
. . No la rge  faults have been  encountered ,  although one important one 
has been  cut in the w e s t e r l y  w o r k  on these l e v e l s ;  the 300, 400, and 500 
l e v e l s .  "  This  fault has a s trong  nor th eas ter ly  str ike with a s teep  dip to 
the northwest .  T h e re  has been  so m e  s i l i c i f i ca t io n  and m in era l iza t ion  
a long the fault, but without suff ic ient  p r e c i o u s  m eta ls  to p rove  at all  
p ro f i tab le  to m ine .
" P r i n c i p a l  va lues  a re  in s i l v e r ,  go ld  and lead, with a not iceable  
p r opor t ion ate  i n c r e a s e  in the gold content  with depth. Surface o res  
a re  ox id ized ,  with the s i l v e r  as  a c h lo r id e ,  gold  content small ,  and 
lead p r a c t i c a l l y  absent  e xcep t  in ce r ta in  sec t ion s  of  the m in e .  The 
f i r s t  sulphide o re  was  found in the v ic in i ty  o f  the 300 le v e l  and the 
sulphide a r e a  i n c r e a s e s  with depth, although there  is sti l l  o x id a ­
tion found on the 600 l e v e l .  In the sulphide o re  the s i lv e r  and 
gold o c c u r  with galena, sphaler ite  and p yr i te .  Lead  o c c u r s  in 
c o m m e r c i a l  amounts ,  but zinc  be ing m o r e  spotted. No conc lus ion  
has been re ach e d  as  to whether  the s i lv e r  and gold show any ten­
dency  to a c c o m p a n y  any par t i cu lar  one of the above base m eta ls  
and in fact  ca r e fu l  sampling fa i ls  to indicate any p r e fe r e n c e  . . . .  
The gold  in the sulphide zone is not v i s ib le  to the naked eye and at 
t im es  is so  int imately  a s s o c ia t e d  with the galena, sphaler ite  and 
pyr ite  that it cannot be  detected  even by panning, except  by 
treating the panned concentra te  with ac id .
"In both the o x id ized  and sulphide zone there  are  found o c c a ­
s iona l  a r e a s  w h e re  s e g re g a te d  high grade  gold va lues  o c c u r .  . . .
The m o s t  im portant  of  these was found betw een  the 400 and 500 
l e v e l s ,  w here  f ive  tons o f  ore  which a v e ra g e d  o v e r  $ 1, 000 per 
ton in go ld  alone  w e re  m ined .  T h e re  ap p ears  to be a low grade,  
in p la c e s  a lm o s t  b a r r e n  zone ,  in the le ach e d  o r  part ia l ly  leached  
port ion  of the M abe l  ve in  between  the l o w e r  l im its  of  the ox id ized  
zone and the upper l im its  o f  the sulphide zone .  A part of  the 500 
and 600 l e v e l s  and al l  o f  the 700 l e v e l  appear  to have p assed  below 
this low grade  z o n e . "
A s p e c im e n  c o l l e c te d  f r o m  the o r e  bin  was a s sa y e d  by a tom ic  a b s o r p ­
tion and found to contain :  c o p p e r  0 .0 6  p e rce n t ;  lead, 1 .45 percent ;  z inc,
0 .3 5  p ercen t ;  and s i lv e r ,  7 .4 5  ounces  p e r  ton.
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G A R F IE L D  MINE
The G a r f ie ld  m ine  is l o ca te d  on the southwestern  s lope of  Mable 
mountain  in s e c t io n s  17, 20 and 21 of  T7N, R33E (Plate  1 and F ig .  7).
It is m ad e  up of  f ive  lode  c l a i m s  patented in 1887. The five  c la im s  a r e :  
Atherton ,  patent su rvey  #37;  G reat  W estern ,  patent survey  # 38; 
L a n c a sh ire ,  patent s u r v e y  #39; M a n c h e s te r ,  patent survey  #40 and 
Bolton, patent s u rve y  #41.  The five  c l a i m s  are  owned by Summa 
C orp ora t ion .
The f i r s t  r e c o r d e d  p rodu ct ion  f r o m  the mine ca m e  in 1884. In 
1890 an Engl ish  Com pany ,  the Hampton P la in  Exp lora t ion  Company,  
p u rch a se d  the G a r f ie ld  m ine  and built a 10 stamp m i l l  at G arf ie ld  Springs,  
9 m i l e s  south o f  the m ine  (Vanderburg ,  1937, p.  33). During the 1930's  
l e s s e e s  r e w o r k e d  the dump m a t e r ia l  by pass ing  the f ines  through s c r e e n s  
and a c c o r d in g  to Vanderburg  (1937, p.  34) the f ines  had a value of  $ 8 .0 0  
p e r  ton. The produ ct ion  of  the m ine  f r o m  1884 to 1933 was 14, 719 tons 
of  o re  valued at $584,  350 (Couch and C arpenter ,  1943, p. 105), but these 
f ig u r e s  do not r e f l e c t  the p rodu ct ion  f r o m  1890 to 1921, A c c o r d i n g  to 
Budelman (1934),  Boy le  and M o r r i s  (1919),  and Weed  (1922),  the p r o d u c ­
tion of  the G ar f ie ld  m ine  is e s t im ated  to be betw een  $5 and $15 m i l l ion .  
L in co ln  (1923, p, 144) c r e d i t s  the mine  with $6 , 000, 000 of product ion.
R o c k s  e xp o s e d  in the mine  a r e a  are  of  the Gold Range Form at ion .  
The units str ike northeast  and dip about 50 d e g r e e s  to the southeast.
The e levat ion  of  the adits which  c o m p r i s e  the mine is between 7 ,4 0 0  feet  
(2, 220 m e t e r s )  and 7, 600 feet  (2, 280 m e t e r s ) .
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The w ork ings  c o n s i s t  of  ap p ro x im ate ly  2 m i l e s  (3 k i l o m e te r s )  of  
ad its,  d r i f t s ,  r a i s e s  and w in ze s ,  many of which are  in a c c e s s ib le  due to 
caving .  T h re e  of  the c l a i m s  have extensive  deve lopm ent :  Great  W estern  
and A ther ton  (Plate 5) and L a n c a sh ire  (Plates  6 & 7). The other  c la im s  
f o r  the m o s t  part have only been  p r o s p e c t e d  by shal low pits.  Two adits 
w e r e  m apped  and sam pled ,  Ather ton  #1 and Lancash ire  #1 during the 
s u m m e r  of  1975. The A ther ton  #1 was  the only adit having m inera l iza t ion  
which  was open at that t im e  and the L a n c a sh ire  #1 was reopened  with a 
m o d e s t  amount of  digging.  In the s u m m e r  o f  1976 s e v e r a l  of  the caved  
adits w e r e  reopened  by Summa C o r p o r a t io n  (Lutz,  p e r s o n a l  c o m m u n i c a ­
tion).
M in era l iza t ion  in the Atherton  #1 adit c o n s is t s  of  a quartz vein 
which  ranges  f r o m  1 foot  (0 .3  m e t e r s )  to 4 feet  (1 .2  m e t e r s )  and a v e ra g e s  
about 2 feet  (0. 6 m e t e r s )  in width (Plate  5). The deve lopm ent  w ork  
e x p o s e s  the ve in  f o r  about 900 feet  (270 m e t e r s )  and shows it to be c o n ­
tinuous o v e r  that d is tan ce .  The ve in  is a f i s s u r e  ve in  with the north rib 
in p la c e s  having f r o m  2 inches  (5 c e n t im e te r s )  to 4 inches  (10 c e n t im eters )  
o f  c lay  gangue. The m a jo r  por t ion  o f  the vein ,  about 600 feet  (180 m eters )  
trends N70E and dips between  30 and 80 d e g r e e s  to the northwest .  The 
r e m a i n d e r ,  about 300 feet  (90 m e t e r s )  nearest  the porta l ,  trends N 80°W  
and dips betw een  v e r t i c a l  and 50 d e g r e e s  to the northeast .  The vein fi l l ing 
c o n s i s t s  o f  f ra c tu re d ,  in p la c e s  c rushed ,  quartz  stained with iron oxides  
and dendrites  of  m anganese  o x id e s .  The quartz  e n c l o s e s  l imonite  p seu -  
d o m o rp h s  a fter  p yr i te ,  up to 3 m i l l i m e t e r s  a c r o s s .  S evera l  sp e c im e n s
w e r e  X - r a y e d  in an attempt to d e term ine  what m in e r a l s  w e re  present ,  
but only quartz  and pyr ite  w e r e  detected .  Spec im ens  c o l l e c te d  f ro m  the 
adit w e r e  a s s a y e d  by a to m ic  absorpt ion ,  the highest  o f  which  contained: 
c o p p e r ,  0 . 0 2  p e rce n t ;  lead ,  0 . 0 1  p e rce n t ;  z inc ,  0 . 01  p ercen t  and 
s i l v e r ,  1 .11 ounces  p e r  ton.
W al l  r o c k s  in the adit a r e  f in e -g r a in e d  c last ic  sediments  and 
andesite  f l ow s ,  both o f  w hich  show vary ing  d e g r e e s  and types of  a l t e r a ­
t ion.  A l t e r a t io n  s p e c im e n s  w e r e  m ain ly  c o l l e c t e d  f r o m  the c r o s s  cut 
connect ing  the A ther ton  #1 adit with the Great  W e s te rn  #1 adit;  how ever ,  
one s p e c im e n  was  taken in the r o o m  a c r o s s  f r o m  the winze at the east end 
o f  the Atherton  #1 adit.  The c r o s s  cut contains no m in e ra l iza t io n  and it 
was fe lt  that by sampling r o c k s  in the c r o s s  cut the a lterat ion  could  be 
studied o v e r  a d is tance .  S pec im en s  c o l l e c te d  in the c r o s s  cut w ere  
taken at 20 feet  (6 m e t e r s ) ,  10 feet  (3 m e t e r s ) ,  5 feet  (1. 5 m e t e r s ) ,
3 feet  (0. 9 m e t e r s )  and 1 foot  (0. 3 m e t e r s )  away f r o m  the ve in  in the 
A ther ton  #1 adit.  Both hand s p e c im e n s  and thin sect ions  show the e f fe c t s  
o f  in c r e a s in g  a l tera t ion  near ing  the ve in .  The s p e c im e n  c o l l e c te d  20 feet 
(6 m e t e r s )  f r o m  the ve in  is a spotted h o r n fe l s ,  dark  g r a y - g r e e n  in c o l o r ,  
with dark  spots  0.5 m i l l i m e t e r s  a c r o s s .  The r o c k  exhibits subconchoidal  
f ra c tu r e ,  with l im onite  stains on f ra c tu re  s u r fa c e s .  A thin sect ion of 
this r o c k  r e v e a ls  that the dark spots  are  ch lor i te  and s e r i c i t e ,  but mainly 
c h lo r i t e .  The m a t r ix  c o n s i s t s  of  s e co n d a ry  biot ite ,  quartz  and s e r i c i t e .  
Hand s p e c im e n s  b e c o m e  l ighter  in c o l o r ,  with a reduction  in the s ize  and
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n u m b e r s  o f  c h lo r i t i c  dark  spots ,  when ap p roach ing  the ve in .  One foot 
( 0 .3  m e t e r s )  f r o m  the ve in  the r o c k  is l ight tan and no dark spots  rem ain .  
This  r o c k  is highly f ra c tu r e d ,  with i ron  oxide  and m anganese  oxide 
stains on the f ra c t u r e  s u r fa c e s .  Thin sect ions  o f  the s p e c im e n s  
a p p roach ing  the ve in  r e v e a l  that s e co n d a ry  biot ite  i n c r e a s e s  up to a 
point,  betw een  5 feet  ( 1 ,5  m e t e r s )  and 10 feet  (3 m e t e r s )  f r o m  the vein, 
then it beg ins  to d e c r e a s e .  At  one foot  (0. 3 m e t e r s )  f r o m  the vein no 
se co n d a ry  biot ite  r e m a in s .  S e r i c i t e  and s e co n d a ry  quartz  in c r e a s e  
toward  the vein , while  ch lo r i t e  d e c r e a s e s .  Between 3 feet  (0 .9  m e t e r s )  
and 1 foot  (0 .3  m e t e r s )  pyr ite  is added to the wall  r o c k .  At one foot  
(0 .3  m e t e r s )  f r o m  the ve in  the r o c k  c o n s i s t s  o f  s e r i c i t e ,  quartz  and 
l im onite  p se u d o m o r p h s  a f ter  pyr i te .
The s p e c im e n  c o l l e c te d  at the east  end of  the adit shows the e f fe c ts  
o f  a l te ra t ion  on two r o c k  types ,  andes ite  and an a rg i l l i t e .  Apparent ly  
this r o c k  was a highly a r g i l l a c i e o u s  r o c k  with andesite  f ra gm ents  up to 
2 c e n t im e te r s  a c r o s s .  The s p e c im e n  was c o l l e c t e d  about 20 feet  (6 m e t e r s )  
away f r o m  the ve in .  The a r g i l l a c e o u s  port ion ,  now a spotted horn fe ls ,  
shows the sam e type and d e g r e e  of  a l terat ion  as the s p e c im e n  co l l e c te d  
20 feet  (6 m e t e r s )  away f r o m  the ve in  in the c r o s s  cut. In thin sect ion  
the andesite  f ra gm e n ts  are  a l t e re d  suff ic ient ly  so  that of  the or ig ina l  
m in e r a l s  only p la g io c la s e  can be r e c o g n iz e d .  The p la g io c la s e  is being 
a l t e r e d  to s e r i c i t e  and the g roun dm ass  to s e r i c i t e  and s e co n d a ry  biot ite .
The L a n c a sh ire  c l a i m  has two adits,  but only the L a n cash ire  #1 
adit was en tered .  The L a n c a sh ire  #1 (P lates  6 and 7) c o n s is t  of  about
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1500 feet  (450 m e t e r s )  o f  d r i f t s ,  c r o s s  cuts,  and inc l in es ,  which expose  
quartz  ve ins  s im i la r  to the one seen  in the Atherton  #1 adit.  The map 
indicates  an a r e a  of  s topes  and inc l ines  which  a r e  in a c c e s s ib l e  because  
of  b ack  f i l l ing .  The ve ins  a re  f i s s u r e  ve ins  which  trend northwest  and 
dip to the southwest .  They appear  to be short  and d iscont inuous  and are  
bounded on one side by a fault.  The ve in  f i l l ings  co n s is t  of  f ra c tu r e d  and 
sheared  quartz  stained by i r o n  oxide and m anganese  ox ide .  The veins  
range f r o m  2 inches  (5 c e n t im e t e r s )  to 8 inches  (20 ce n t im e te r s )  in 
width. A p p arent ly  high va lues  w e r e  obtained f r o m  the sheared  quartz  
ve in s ,  as  indicated  by  the n u m b e r  o f  s to p e s .  A s p e c im e n  c o l l e c t e d  f r o m  
the ve in  and a s s a y e d  by a tom ic  a b s o r p t io n  was  found to contain :  cop p e r ,
0. 02 p e r ce n t ;  lead,  0. 18 p e rce n t ;  z inc ,  0. 02 p e rce n t  and s i lv e r ,  1 .34  
ounces  per  ton. F i r e  a s s a y  o f  the sam e s p e c im e n  showed:  gold,  t ra ce ;  
s i l v e r ,  4.  66 ounces  per  ton.
The map o f  the Great  W e s te rn  adits indicates  the trend of the vein  
and extent of  stoping a long it (Plate  5). The ve in  s tr ikes  between N85°E  
and N 75°E  and dips betw een  50 and 85 d e g r e e s  to the northwest .  The vein 
is e x p o s e d  about 1000 feet  (300 m e t e r s )  a long str ike in the Great  W estern  
#1 adit and apparently  good va lues  w e r e  obtained in s e v e r a l  lo cat ions  
a long the vein  as indicated by the s topes .  It a l s o  appears  that the workings  
w e r e  somewhat  m o r e  extens ive  than indicated by the m ap  because  some 
a r e a s  a re  caved  or  b a ck f i l l e d .  Two s p e c im e n s  w e re  co l l e c te d ,  one f r o m  
the dump of the G reat  W e s t e rn  #2 and the other f r o m  the dump of  the 
Great  W e s te rn  #3 and both sam ples  w e r e  a s sa y e d  by a tom ic  absorp t ion
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and f i r e .  The a to m ic  a b s o r p t io n  a s s a y  showed the s p e c im e n  f r o m  the 
G reat  W e s t e rn  #2 conta ined :  c o p p e r ,  0 .1 0  p e rce n t ;  lead,  0. 19 percent ;  
z inc ,  0 .6 3  p e r ce n t  and s i l v e r ,  1. 90 ounces  p e r  ton. F i r e  a s s a y  of this 
sam e s p e c im e n  showed :  gold ,  t r a c e ;  s i lv e r ,  7. 90 ounces  p e r  ton. The 
a to m ic  a b so rp t io n  a s s a y  f r o m  the G reat  W estern  #3 contained:  cop p e r ,
0 .1 2  p e rce n t ;  lead,  0 .31  p e r ce n t ;  z inc ,  0 .41  percen t  and s i lv e r ,  4 2 .9 3  
ounces  p e r  ton. F i r e  a s s a y  of  this s p e c im e n  showed: gold,  0. 006 ounces  
p e r  ton; s i lv e r ,  5 8 .6 8  ounces  per  ton.
M ISC ELLAN E OU S P R O S P E C T S
The m i s c e l l a n e o u s  p r o s p e c t s  fa l l  into three  gro u p s :  quartz  veins,  
c o p p e r  ve ins  and bar i te  f loat .  These  groups  w i l l  be d i s c u s s e d  in a 
gen era l  way.
Ten  quartz  ve ins  o c c u r  as  single ve ins  4 inches  (10 c e n t im e te r s )  
to 3 feet  (0. 9 m e t e r s )  wide and e x p o s e d  a long str ike up to 50 feet  (15 
m e t e r s ) .  The only v i s ib le  sulphide m i n e r a l  is pyr i te ;  h ow ever ,  the veins  
a re  n o rm a l ly  so  highly  o x id ize d  that the quartz  is i r o n  stained and contains 
p se u d o m o r p h s  o f  l im on ite .  The str ike  of  m o s t  o f  these ve ins  a re  r e s p o n ­
s ib le  f o r  the s ca t ter  shown on the r o s e  d ia gra m  of  the quartz  ve ins  (Fig.  10), 
be ing  rand om ly  o r ien ted .
The c o p p e r  ve ins  o c c u r  a l s o  as  single ve ins  about 2 inches  (5 c e n t i ­
m e t e r s )  w ide .  The only sulphide c o p p e r  m in e r a l ,  ch a lcop yr i te ,  was 
found at a c o p p e r  p r o s p e c t  about 1 m i le  ( 1 .6  k i l o m e t e r s )  northwest  of  the 
Bluelight  mine  (F ig .  7). The str ike of  these veins  are  s im i la r  to the
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rest  o f  the c o p p e r  ve ins  in the d i s t r i c t .
Only one o c c u r r e n c e  of  bar ite  was  found and that was  as float 
ibout 0. 5 m i le  (0 .8  k i l o m e t e r s )  south o f  the M abe l  m ine  (Fig .  7). The 
pieces  ranged in s ize  up to 8 inches  (20 c e n t im e te r s )  a c r o s s  o f  white 
: ry s ta l l in e  bar i te .
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SUMMARY
Two ge n e ra l  types o f  m in e r a l i za t io n  are  r e c o g n iz e d  in the d istr ict :  
s i l v e r - g o l d  in quartz  ve ins  and c o p p e r  in igneous m e ta m o rp h ic  deposits .  
These  two types  of  m in e r a l i z a t io n  appear  unrelated and p o ss ib ly  r e p r e ­
sent d i f ferent  p e r i o d s  o f  m in e ra l i za t io n .
The quartz  ve ins  at the M end ora ,  M abe l  and Garf ie ld  m in es  are 
genera l ly  s teep ly  dipping, within 20 d e g r e e s  of  the v e r t i c a l  with few dips 
less  than 50 d e g r e e s .  The s tr ik es  o f  the quartz  veins  in the d is t r i c t  are 
plotted on r o s e  d ia gra m  (Fig .  10). The d iagram  revea ls  that the bulk of 
the quartz  ve ins  in the d i s t r i c t  str ike between N 60°W  and N75°E,  with 
the highest  concentra t ion  being between N 60°W  and N80°W. The m a jo r  
veins in the d i s t r i c t  str ike between N 60°W  and N 75°E .  The veins  c r o s s  
cut bedding and in p la ce s  dip in the opposite  d ire c t io n  to the bedding.
The length of  the ve ins  and vein  s y s te m s  range f r o m  at least  500 feet 
(150 m e t e r s )  at the M abe l  m ine  to 1000 feet  (300 m e t e r s )  at the M endora  
and G ar f ie ld  m in e s .  The veins  are  exp osed  v e r t i c a l l y  fo r  som e  distance  
at the v a r io u s  m in e s :  250 feet  (75 m e t e r s )  at the G ar f ie ld ;  200 feet 
(60 m e t e r s )  at the M endora  and 700 feet  (210 m e t e r s )  at the M abel .  The 
width of  the ve ins  ranges  f r o m  2 inches  (5 c e n t im e te r s )  to 4 feet ( 1 . 2  
m e t e r s )  with the hanging wal l  and foot  wal l  w e l l  defined.  The veins o c c u r  
as f i s s u r e  f i l l ings  and m any  show signs of post  ore  m o ve m e n t .  With the 
except ion  of  the fault in the Atherton  #1 about 500 feet  (150 m e t e r s )  east 
of  the porta l ,  p ost  o re  faulting has d isp la ced  the veins  only a few feet.

The ve in  quartz  ia both aphanitic and phaner i t i c .  The f iner  grained 
variety  ia a m i lk y  white,  while the c o a r a e r - g r a i n e d  var ie ty  becom ea  
c le a r e r  as  the s ize  o f  the c r y s ta l s  in c r e a s e s .
The hypogene o r e  m in e r a l s  at the M abel  mine r ep or ted  by Budelman 
(1934) a re  galena, sphaler i te ,  and c h a l c o p y r i t e . A c c o r d i n g  to Ferguson ,  
Muller ,  and Cathcart  (1954) argenti te  and argenti ferous  galena are  also 
present .  T h ese  sam e m i n e r a l s  a re  thought to have been p resent  in the 
vein of  the G a r f ie ld  m m e  b e f o r e  they w e r e  ox id ized .  Vein m a te r ia l  
found on the dump at the M abe l  m ine  contained galena, sphalerite  and 
pyrite .  No sulphide ore  m in e r a l s  w e re  found in the G ar f ie ld  mine or  on 
the dump and, a c c o r d i n g  to Boy le  and M o r r i s  (1919),  the sulphide zone 
was n ev er  found at the G ar f ie ld  m in e .  Gangue m in e r a ls  are  quartz,  
pyrite,  and, a c c o r d i n g  to Budelman (1934) barite  near  the vein .  The 
veins str ike between N60°W and N 80°W .  The l eve l  of  oxidization at the 
Mabel and G arf ie ld  m in es  is in e x c e s s  of  300 feet  (90 m e t e r s ) .
The o re  m in e r a lo g y ,  gangue m in e r a l s ,  str ike of  the veins  and l eve l  
of ox id ization  at the M end ora  mine are  d i f ferent  than those features  found 
at the G ar f ie ld  and M abe l  m in e s .  The hypogene o re  m in e r a l s  are  j a m e -  
sonite,  stibnite and pyrarg ite  with a gangue o f  quartz,  pyrite  and ca lc i te .  
The ve ins  str ike between N 55°E  and N65°E ,  and sulphide m in e ra ls  
remain  within 100 feet  o f  the s u r fa c e .
The M endora ,  M abe l  and G ar f ie ld  m in es  have s im i la r  types of
a lteration in the r o c k s  o f  the Gold  Range F o r m a t io n :  s e r i c i t i c  alterat ion,
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with in c r e a s in g  amounts  and quartz ,  pyr ite  and s e r i c i t e  near ing thg v e i n s _
There  ap p ears  to have been  no s trat igraph ic  c o n t r o l  of  the m i n e r ­
al ization s ince  both the l im e s to n e  of  the Luning F o r m a t io n  and the rocks 
of  the Gold  Range F o r m a t io n  a re  m in e r a l i z e d  at the M endora  m in e .  At 
the G ar f ie ld  and M abe l  m ine  only r o c k s  of  the Gold Range F orm at ion  are  
mi.nerali.zed but only these r o c k s  o c c u r  in the vic in ity  of  the m ines .
The m in e r a l i z a t io n  ap p ears  to have been structural ly  contro l led  
by a s e r i e s  o f  p a r a l l e l  f i s s u r e s  at the G ar f ie ld ,  Mabel and M endora  
mines .  Th ese  f i s s u r e s  acted  as channel  ways and prov ided  open spaces  
in which the ve ins  w e re  depos i ted .
The com binat ion  o f  o r ig in a l  m in e ra l iza t io n ,  b re c c ia t io n ,  and 
surface  w ater  are  thought to have been re sp o n s ib le  f o r  the high grade 
ore zo n e s .  H ere  again, because  o f  in a c ce ss ib i l i ty ,  these conc lus ion s  
are based  on m ap  interpretat ion  and not d i r e c t  observat ion .  B re c c ia t io n  
of the ve ins  and wall  r o ck s  would have in c r e a s e d  their  p o ro s i ty ,  a l lowing 
surface w ater  to p e r co la te  downward .  D is c u s s io n s  of  supergene e n r i c h ­
ment of  s i lv e r ,  L indgren  (1933), F e r g u s o n  (1944),  and P a rk  and Mac 
Diarmid  (1970) indicate that the weather ing  o f  pyr ite  generates  a solution 
of f e r r i c  sulfate,  which  w i l l  b reak  down sulfides  o f  s i lver ,  lead and zinc.  
The r e l e a s e d  s i l v e r  would t rave l  downward by m e t e o r i c  water .  The 
presence  o f  ch lo r id e ,  c o m m o n l y  in sur face  water  would cause  p r e c ip i ta ­
tion of  the s i l v e r  ch lo r id e ,  c e r a r g y r i t e  at som e  depth below the sur face .
The age of  m in e r a l i za t io n  is thought to be T e r t ia r y  and poss ib ly  
assoc ia ted  with interm ediate  vo l ca n ic  ac t iv ity .  Many of  the p re c io u s
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metal  d epos i ts  io  the w e s t e r n  part of  the Great  Basin  and in part icu lar  
along W alker  Lane,  (S i lberman,  et al .  , 1976), a r e  P l i o c e n e  and M iocene .  
Gold and s i l v e r  bear ing  quartz  ve in s ,  (S i lberman et al .  , 1975) at Camp 
Douglas have been dated at 15 m i l l i o n  y e a r s  old .  T h ere  the m i n e r a l i z a ­
tion is re la ted  to M io ce n e  interm edia te  vo lcan ic  act iv ity .
This  type of m in e r a l i z a t io n  d isp lays  many of the c h a r a c t e r i s t i c s  
of e p i th e rm a l  d e p o s i t s .  These  c h a r a c t e r i s t i c s  are  gangue m in e r a ls ,  
open space  fi l l ing, banded ve in s ,  b r e c c i a t e d  ve ins ,  s e r i c i t i c  a lterat ion  
near the ve ins  and T e r t ia r y  v o l c a n ic  ac t iv i ty  near by.
The co p pe r  m in e r a l i za t io n  o c c u r s  in shear  zon es  rep lac ing  l i m e ­
stone and as f i s s u r e  f i l l ings  in c la s t i c  r o c k s .  The o re  m in e r a l s  are  
ox id ized  c o p p e r  products  at the e x p o s u r e s .  The bulk of  the ve ins  str ike 
between N60°E  and N 90°E ,  with the la rge s t  concentra t ion  being between 
N70°E and N 85°E  (F ig .  11). With the except ion  o f  the c o p p e r  shows near  
the M endora  mine,  a l l  the c o p p e r  p r o s p e c t s  and m in es  l ie a long a N - W 
trending line.  Within the d i s t r i c t  at one end of the l ine is the Bataan mine 
and at the other  end is the Bluelight  mine  with two c o p p e r  p r o s p e c t s  
between (Fig .  7). Leaving  the d is t r i c t  and going about one m i le  ( 1 . 6  
k i lom eter )  to the southeast  of  the Bluel ight  mine  to the S i lver  Side mine ,  
on the southeast side o f  the stock ,  the c o p p e r  l ine can be continued. This 
line of  c o p p e r  o c c u r r e n c e s  appears  to l ie  a long one of the NW trending 
l ineaments ,  which was d i s c u s s e d  in the l o c a l  s tructure  sect ion .
The host r o ck s  at the Bataan and Bluel ight m in es  are  l im estone  of 
the Luning and Dunlap F o r m a t io n s  and exhibit s im i la r  types of  al teration.
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F igure  11. The f re q u e n c y  of  s tr ikes ,  c o p p e r  
ve ins  in the G ar f ie ld  m in ing  d is t r i c t .
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The l im e s t o n e s  near  m in e r a l i z a t io n  have been  r e c r y s t a l l i z e d ,  b leached  
and have a sandy texture .  The Luning l im e sto n e ,  which  has m o r e  exten­
sive ou tc ropp ing s ,  shows part ia l  r e c r y s t a l l i z a t i o n  f o r  s o m e  distance  
beyond known m in e r a l i za t io n .  At  the Bataan mine in the im m ediate  
v ic in i ty  of  the ve ins  the l im eston e  has been  skarni f ied .  The r o c k s  at the 
two c o p p e r  p r o s p e c t s ,  which  lie between the Bataan and Bluel ight  m ines ,  
are  a l s o  co n v e r te d  to skarn ad jacent  to the ve in .  No skarn m in e r a ls  are  
found at the Bluelight  m ine ,  but a re  found in r o c k s  nearby (Fig .  8) . 
L im e s to n e s  of  the Luning and Dunlap F o r m a t io n  apparently  p rov id e  a 
better  host r o c k  f o r  the igneous m e t a m o rp h ic  c o p p e r  depos i ts  than c lastic  
or  v o l c a n ic  r o c k s .  C opper  m in e r a l i za t io n  s e e m s  to l ie in a N - W trending 
zone in which  c o p p e r  ve ins  str ike N - E.
Since both the ep i therm a l  s i l v e r - g o l d  depos i ts  and the igneous 
m e ta m o rp h ic  depos i ts  a re  found at or  near  the sur face ,  p re su m a b ly  the 
c o p p e r  d epos i ts  are  o ld er  than the s i l v e r - g o l d  dep os i t s .  E p itherm al  
depos i ts  are  e m p la c e d  near  the sur face  and igneous m e ta m o rp h ic  depos i ts  
are deep seated events .  T h e r e f o r e  to attain ap p ro x im ate ly  the same 
present  e levat ion ,  the igneous m e ta m o rp h ic  d epos i ts  would require  
m o r e  t im e f o r  e r o s i o n .  The igneous m e ta m o rp h ic  depos i ts  a i e  thought 
to be C r e ta c e o u s  in age and a s s o c ia t e d  with intrus ives  of  the same 
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P O T E N T I A L  FOR ORE
The o r e  potentia l o f  the d i s t r i c t  w i l l  be e s t im ated  by est imating 
the potentia l  of  each  m ine .
Bataan Mine
The c o p p e r  m in e r a l i za t io n  e x p o s e d  at the Bataan mine appears  to 
have been  thoroughly e x p lo r e d .  The h igher  grade  m in e r a l i za t io n  has 
been m ined  leaving only a rather  sm a l l  tonnage, about 4500 tons of
2 .2  p e rce n t  c o p p e r  o r e .  This  tonnage and grade s e e m s  insuffic ient  to 
be o f  in terest  at the p re se n t  t im e .
Bluel ight  Mine
The mine appears  to have been  e x p lo r e d  by dr i f t s ,  b u l ld o z e r  cuts 
and d r i l l  ho les ,  with no apparent  s u c c e s s .  The rem ain ing  m i n e r a l i z a ­
tion s e e m s  to be r e s t r i c t e d  to ve ins  e xp o s e d  at the sur face  by the bu l l ­
d o ze r  cuts .  It is es t im ated  that these ve ins  contain about 800 tons of
1.3 p ercen t  co p pe r  o re ,  which is of  little interest  today.
M endora  Mine
This  mine a lso  s e e m s  to have been  thoroughly  exp lo re d .  Ava i lab le  
in formation  does  not include a s s a y s  o r  other pertinent data con cern in g  
the ad its .  T h e re f o r e  the es t im ate  of  o r e  at the M endora  mine is based  
on and perta ins  to the work ings  at the shaft.  The mine is e s t im ated  to 
have about 2400 tons of  " o r e "  rem ain ing  containing about 1 .49  ounces  of  
s i lver  p e r  ton. This tonnage and grade are  of  little interest  at the present
t im e .
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Bataan Mine
The c o p p e r  m in e r a l i za t io n  e x p o s e d  at the Bataan mine appears  to 
have been  thoroughly  e x p lo r e d .  The h igher  grade m in e r a l i za t io n  has 
been m in ed  leaving only a rather  s m a l l  tonnage, about 4500 tons of
2 .2  p e rce n t  c o p p e r  o r e .  This  tonnage and grade se e m s  insuffic ient  to 
be o f  in terest  at the p re se n t  t im e .
Bluel ight  Mine
The mine appears  to have been e x p lo r e d  by dr i f ts ,  bu l ld o ze r  cuts 
and d r i l l  h o le s ,  with no apparent s u c c e s s .  The remaining  m i n e r a l i z a ­
tion s e e m s  to be r e s t r i c t e d  to veins  exp o se d  at the sur face  by the b u l l ­
d o ze r  cuts .  It is es t im ated  that these ve ins  contain about 800 tons of
1.3 p ercen t  c o p p e r  o r e ,  which is of  l ittle interest  today.
M endora  Mine
This  mine a lso  s e e m s  to have been  thoroughly  e x p lored .  Ava i lab le  
in formation  does  not include a s s a y s  o r  other pertinent data con cern in g  
the adits .  T h e r e f o r e  the es t im ate  of  o re  at the M endora  mine is based  
on and perta ins  to the w ork ings  at the shaft.  The mine is e s t im ated  to 
have about 2400 tons of  " o r e "  rem ain ing  containing about 1 .49  ounces  of  
s i lver  p e r  ton. This  tonnage and grade are  of  little interest  at the present
t i m e .
M abel  Mine
The ava i lab le  in fo rm a t io n  co n c e rn in g  the m ine  c o n s i s t s  of  a report  
by Budelman (1934) and m a p s  o f  the underground w o rk in g s .  Th ese  sources  
suggest  that c o n s id e r a b le  " o r e "  r em ain s ;  h o w e ve r ,  the grade  is u n c e r ­
tain. It is e s t im ated  that the mine  m a y  contain as m u ch  as  45, 000 tons 
of " o r e "  averag ing  l e s s  than 0. 15 ounces  of  gold p e r  ton and 10 ounces  
of  s i l v e r  p e r  ton. It is fe lt  that this rem ain ing  m in e ra l iza t io n  is p r o b ­
ably o f  too low a tonnage and grade to be o f  in terest  today.
G a r f ie ld  Mine
A c c e s s i b l e  m in e r a l i za t io n  e xp o s e d  in the A ther ton  #1 adit and the 
L a ncash ire  $1 adit is e s t im ated  at about 3000 tons o f  " o r e  averag ing  
0 .3  ounces  of  go ld  p e r  ton and 1 ounce of  s i lv e r  p e r  ton. This tonnage 
and grade is a l s o  insuffic ient  to be of  in terest  at the present  t im e .
E X P L O R A T IO N  SUGGESTIONS
S i l v e r - g o l d  depos i ts  in the G a r f ie ld  d i s t r i c t  are  c h a r a c t e r i s t i c a l l y  
small ,  high grade ,  and en r ich ed  near the s u r fa c e .  Ve ins  of  the high 
grade c h a r a c t e r  which  have been  found a re  m ined  out, leaving only the 
lo w e r  grade o r e s .  T h ere  s e e m s  to be nothing to indicate any large  
depos i ts ,  such as p orph yry  c o p p e r ,  in the d i s t r i c t .  The a r e a s  of  known 
m in e ra l iza t io n  and those p r o p o s e d ,  a re  s m a l l  d e p o s i t s .  T h e r e f o r e ,  
without at least  the suggest ion  of  a la rge  depos i t  the future potential of  
the d i s t r i c t  appears  rather  l im ited .
69
The best  chance  f o r  d i s c o v e r i n g  a new s i l v e r - g o l d  deposit  l ies  in 
the a r e a  betw een  the L a n c a sh ire  and Ather ton  c l a i m s .  This  e n c o m ­
p a s se s  the M a n c h e s te r  and Bolton C la im s  and unc la im ed  land to the 
south o f  them.  The ve in  s y s te m s  at the Mabel and G ar f ie ld  m in es  are  
of  s im i la r  c h a r a c t e r  and it s e e m s  p o ss ib le  that they a r e  part  o f  the same 
vein s y s te m .  T h e re  is no e v id ence  of  any se r io u s  attempt to exp lore  
the M a n c h e s te r  and Bolton c l a i m s ,  exce p t  by  shal low d igg ings .  There  
is good r e a s o n  to b e l i e v e  that at leas t  the ve in  in the Atherton  #1 extends 
som e  d istance  to the w e st  (Plate 5). About  500 feet  (150 m e t e r s )  f r o m  the 
porta l  the ve in  has been truncated  by a fault,  which  has down dropped  the 
w e s te rn  s ide .  This  sam e situation o c c u r s  in the Atherton  #2 and m ay  
have o c c u r r e d  to the Great  W e s t e rn  vein  as  w el l .  T h e r e f o r e  it is p o s ­
sible that o re  s im i la r  to that m ined  at the M abe l  m ine ,  A therton  and 
Great  W e ste rn  c la im s  ex is ts  in the untested ground between them. If 
m in e ra l i za t io n  could  be found c o m p a ra b le  to that o f  the M abe l  m ine ,  then 
about 4000 tons of  ore  containing 1 .28  ounces  of  gold p e r  ton and 91 ounces  
of  s i l v e r  p e r  ton might  be exp ec ted .
The c o p p e r  m in e r a l i za t io n  in igneous m e t a m o rp h ic  depos i ts  of the 
d is t r i c t  a re  small ,  but the o re  at the Bluel ight  mine  was apparently  
high grade .  The Bluel ight m ine  contained the only c o p p e r  m inera l iza t ion  
of im p ortan ce  thus far  d i s c o v e r e d  in the d is t r i c t  and it is m ined  out.
Exc lud ing  the c o p p e r  shows in the v ic in i ty  of  the M endora  mine,  
the c o p p e r  m in e r a l i za t io n  o c c u r s  a long a l ine with the Bataan mine at
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one end and the Bluel ight  m ine  at the o ther  end (F ig .  7). Between the 
two m in e r  a r e  two e o p p e r  p r o s p e c t s ,  one on e i ther  s ide  o f  a syncline 
of  the Tuning l im e s t o n e .  The bes t  target  f o r  c o p p e r  e x p lo r a t io n  is
along the line o f  c o p p e r  shows and in p a r t i cu la r  in the area  o f  the above -
mentioned  syncl ine  Tf m n n o _
PP m in e ra l iza t io n  e x is ts  here  it is p robably
small,  but p o s s ib ly  high grade .
The third and f inal  e xp lo ra t io n  target  is in the a re a  (F ig .  7),
where white c ry s ta l l in e  bar i te  was  found. The bar ite  in and o f  i tse l f
probably  is not s igni f icant ,  but the bar ite  quartz  vein  a s so c ia t io n
reported  by Budelman suggests  the p o ss ib i l i t y  o f  a quartz  ve in  
the s u r fa ce .
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